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ABSTRACT
Title of Dissertation: The Econometric Analysis of the Factors Affecting the
Revenue of Bangkok Port
Degree:

Master of Science

The dissertation attempts to study the econometric analysis of the factors affecting the
revenue of Bangkok Port. The quantitative method of the Linear Regression Model is
used to analyse the influential internal and external factors affecting the revenue of
Bangkok Port and illustrates the positive and negative relationships between variables
and the revenue of Bangkok Port as well as the priority of variables. Monthly dataset
from 2010 to 2017 is used for the analysis. A forecasting techniques is also used to
anticipate the revenue of Bangkok Port. Further, this will also recommend viable
solutions to increase the revenue and prioritise development projects.
Market uncertainties make it difficult for decision making which leads to the decline
in Bangkok Port’s revenue. This study identifies the significant factors affecting the
revenue generation of Bangkok Port. This helps in efficient budget and recourse
allocation for the port to maximise the revenue for the port.
The revenue forecasting for public ports is arduous, time-consuming and confidential.
Hence there exist limited academic literature identifying significant variables for the
public port revenue and thereby the profit. Additionally, there is no study for Thailand
and South East Asian ports. Therefore, this dissertation will be the first study which
will act as a benchmark to analyse the important factors on which the revenue public
port for Thailand port. Furthermore, this contributes to the literature on the Revenue
Forecasting of Port, the important of Port as well as Thailand economy and Bangkok
Port situation in the maritime international trade.
The study illustrates that the Container Import, Exchange rate, and the value of Land
and property trading are positive signiﬁcantly performs with the revenue of Bangkok
Port. Especially, Exchange rate is the highest contributed to the revenue of the port
following by the Container Import and the value of Land and property trading
respectively. While the number of TEUs in Bangkok Port’s warehouse is observed to
have a negative relationship to the revenue of the port.
JEL Classification: B16, C32, C53, H71, L92
KEYWORDS: Quantitative and Mathematical, Time-Series, Forecasting Model,
Revenue, Port, Bangkok Port

4

TABLES OF CONTENT

DECLARATION .......................................................................................................... 2
ACKNOWLEDGEMENTS .......................................................................................... 3
ABSTRACT.................................................................................................................. 4
TABLES OF CONTENT.............................................................................................. 5
LIST OF FIGURES .................................................................................................... 11
LIST OF ABBREVIATION ....................................................................................... 12
1. INTRODUCTION .................................................................................................. 14
1.1. Problem Statement ...........................................................................................15
1.2. Objectives .........................................................................................................20
1.3. Research Questions and Hypotheses ................................................................20
1.4. Research Structure ...........................................................................................20
1.5. Research Contributions ....................................................................................21
2. LITERATURE REVIEW ....................................................................................... 23
2.1. Definition of a Port...........................................................................................23
2.2. Port Characteristics ..........................................................................................23
2.2.1. Gateway Function: ....................................................................................23
2.2.2. Transhipment Ports: ..................................................................................24
2.2.3. Transit Port: ...............................................................................................26
2.3. Type of Port......................................................................................................27
2.3.1. Sea Port: ....................................................................................................27
2.3.2. River Port: .................................................................................................27

5

2.4. Port Revenue ....................................................................................................28
2.5. World Merchandise Trade................................................................................30
2.5.1. Dry Cargo ..................................................................................................31
2.5.2. Liquid Bulk................................................................................................31
2.6. Characteristics of the Thai Economy ...............................................................31
2.7. Bangkok Port’s Role in the Thai Economy......................................................33
.2.8 Bangkok Port Performance ...............................................................................33

2.8.1. The Composition of Revenue from Vessels ..............................................34
2.8.2. Revenue from Cargo .................................................................................36
2.8.3. Revenue from Services..............................................................................39
2.8.4. Revenue from Rental of Land, Buildings and Warehouses ......................39
2.8.5. Other Income .............................................................................................40
2.9. Quantitative Methods .......................................................................................40
2.9.1. Autoregressive Moving Average models (ARMA) ..................................40
2.9.2. Dummy Variable Multiple Regression Forecasting Model ......................41
2.9.3. Regression .................................................................................................41
3. RESEARCH METHODOLOGY ........................................................................... 44
3.1. Data Selection and Explanatory Variables .......................................................46
3.1.1. Internal Factors ..........................................................................................46
3.1.2. External Factors based on Macroeconomics .............................................48
3.2. Data Collection and Analysis ...........................................................................50
3.3. Unit Root Test ..................................................................................................51
3.3.1. Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) .....................51
3.3.2. Kwiatkowski-Phillips-Schmidt-Shin (KPSS) ...........................................52
6

3.4. Multicollinearity (Correlation) Table ...............................................................52
3.5. Cointegration Test ............................................................................................53
3.6. Autoregressive Process (AR) and Moving Average Process (MA) .................53
3.7. Residual Diagnosis ...........................................................................................54
3.7.1. Testing for Non-Normality by Jarque Bera ...............................................54
3.7.2. Heteroscedasticity Assumption .................................................................54
3.7.3. Serial Correlation Assumption (Breusch Godfrey Test) ...........................55
3.8. Stability Diagnosis ...........................................................................................56
3.8.1. Correct Functional Form Assumption (Ramsey’s RESET test) ................56
3.8.2. Cumulative Sum (CUSUM) of Squares Test ............................................56
3.8.3. Chow Test..................................................................................................57
3.9. Forecast Model .................................................................................................57
4. RESEARCH FINDINGS/ RESULTS .................................................................... 58
4.1. Scatter Plot .......................................................................................................58
4.2. Data Unit Root Test .........................................................................................59
4.3. Multicollinearity (Correlation) Table ...............................................................61
4.4. T-Test ...............................................................................................................62
4.5. Autoregressive Process (AR) and Moving Average Process (MA) ..................66
4.6. Residual Diagnosis ...........................................................................................67
4.6.1. Jarque Bera ................................................................................................67
4.6.2. Heteroscedasticity Assumption .................................................................67
4.6.3. Serial Correlation Assumption (Breusch Godfrey Test) ...........................68
4.7. Stability Diagnosis ...........................................................................................70
4.7.1. Ramsey’s RESET Test ..............................................................................70
7

4.7.2. CUSUM Test .............................................................................................70
4.7.3. Chow Test..................................................................................................71
4.8. Forecast Model .................................................................................................72
5. DISCUSSION AND CONCLUSION .................................................................... 75
5.1. Discussion ........................................................................................................75
5.1.1. Significant Factors.....................................................................................77
5.1.2. Forecasting Model .....................................................................................86
5.1.3. Insignificant Factors ..................................................................................87
5.2. Conclusion........................................................................................................88
5.3. Limitations .......................................................................................................89
REFERENCES ........................................................................................................... 90
APPENDIX ............................................................................................................... 102

8

LIST OF TABLE
Table 1: Thailand Economy Data ...............................................................................32
Table 2: Summary Trade of Thailand .........................................................................32
Table 3: Port Due Fee .................................................................................................34
Table 4: Tug service fee..............................................................................................35
Table 5: Berth hire fee ................................................................................................35
Table 6: Berth Hire Cancellation Fee .........................................................................35
Table 7: Container Lifting Charge ..............................................................................36
Table 8: Container Wharfage Fee ...............................................................................37
Table 9: Container Storage Charge.............................................................................37
Table 10: Lift on Charge.............................................................................................37
Table 11: Lift off Charge ............................................................................................38
Table 12: Conventional Cargo Wharfage Fee ............................................................38
Table 13: Land Fee .....................................................................................................39
Table 14: Warehouse Fee ...........................................................................................40
Table 15: The Name of Y and X Variables ................................................................41
Table 16: The Correction of Homoscedasticity and Serial Correlation......................56
Table 17: Stationary Test ............................................................................................59
Table 18: The Correlation Table.................................................................................61
Table 19: Ordinary Least Squares (OLS) ...................................................................62
Table 20: Ordinary Least Squares: Significant Variables ..........................................63
Table 21: Cointegration Table ....................................................................................64
Table 22: The Estimated Equation with Error Correction Term (ECT) added ..........65

9

Table 23: The Autoregressive Process (AR) and Moving Average Process (MA)
Model .........................................................................................................66
Table 24: White Correction ........................................................................................68
Table 25: Serial Correlation Test: Breusch-Godfrey ..................................................68
Table 26: Newey-West Correction .............................................................................69
Table 27: Newey-West Correction after dropped the Number of Tourists Variable..69
Table 28: Ramsey’s RESET Test ...............................................................................70
Table 29: The Example of Chow Breakpoint Test .....................................................72
Table 30: The resulting of Regression Model ............................................................76

10

LIST OF FIGURES
Figure 1: Location of Ports along the Chao Phraya River ..........................................15
Figure 2: Bangkok Port's Financial Status 2013-2017 ...............................................16
Figure 3: Number of Container Throughput of Bangkok Port and Private Ports from
2013-2017 ....................................................................................................17
Figure 4: Number of Vessels 2008-2017 ....................................................................18
Figure 5: The Gateway Functions...............................................................................24
Figure 6: The World Merchandise Trade Commodities .............................................30
Figure 7: The World Merchandise Trade Volume 1980-2016 ...................................30
Figure 8: The proportion of Bangkok Port’s revenue in 2017 ....................................34
Figure 9: Jarque Bera Normality Test.........................................................................67
Figure 10: CUSUM Test .............................................................................................71
Figure 11: The Trend of Bangkok Port’s Revenue .....................................................72
Figure 12: The Static Forecast of Bangkok Port's Revenue .......................................73
Figure 13: The Actual Bangkok Port’s Revenue and Static Forecast.........................74
Figure 14: The Layout of Bangkok Port Container Terminal ....................................78
Figure 15: The Trend Exchange Rate from 2010-2017 ..............................................85

11

LIST OF ABBREVIATION
ADF

Augmented Dickey-Fuller

APE

Absolute Percentage Error

APEC

Asia Pacific Economic Cooperation

AR

Autoregressive Process

ARMA

Autoregressive Moving Average

CFS

Container Freight Station

CITOS

Computer Integrated Terminal Operations System

CLRM

Classical Linear Regression Model

CTA

Container Terminal Altenwerder

CUSUM

Cumulative Sum

DACOS

Data Communication System

DWT

Deadweight tonnage

ECT

Error Correction Term

FCL

Full Container Load

GDP

Gross Domestic Product

GRT., GT.

Gross Register Tonnage

Hr.

Hour

IT

Information Technology

KPI

Key Performance Indicator

KPSS

Kwiatkowski-Phillips-Schmidt-Shin

LCL

Less than container load

12

LNG

Liquefied Natural Gas

MA

Moving Average

MAE

Mean Absolute Error

MOT

Ministry of Transport

MOTS

Ministry of Tourism and Sport

MPA

Maritime and Port Authority of Singapore

MPAE

Mean Absolute Percentage Error

NESDB

National Economic and Social Development Board

OLS

Ordinary Least Square

PP

Phillip Perron

PSA

Port of Singapore Authority

RMSE

Root Mean Squared Error

RSS

Residual Sum Of Squares

S.D.

Standard Deviation

S.E.

Standard Error

Sq.m

Square Metre

TEU

Twenty Foot Equivalent Unit

TOS

Terminal Operation System

UNCTAD

United Nations Conference on Trade and Development

USA

the United States

WTO

World Trade Organization

13

1. INTRODUCTION
Maritime transportation is an essential element of global trade. Maritime
transportation and global trade are highly interdependent in the sense that maritime
transportation has greatly facilitated the growth in global trade and the growth in
global trade has simultaneously lead to growth in maritime transportation.
The maritime logistics plays an important role in underpinning world trade.
The connectivity of nations is also critical to the benefits derived from involving in
international trade. Lying at the heart of international transport and supply chain
system, ports play a pivotal role as an interface between the various available transport
modes (Robinson, 2012). In addition, the World Bank reports that maritime transport
is the cheapest mode of transportation and efficient use has a significant impact on the
economy and Gross Domestic Product (GDP) of any country. In Thailand, the majority
of international transportation of goods is through a sea route as compared to rail or
road or air and understandably so considering the geography of the country. In 2016,
the Ministry of Transport (MOT) of Thailand reported the maritime transportation in
Thailand accounts for 86.29 per cent of the total international transportation whereas
road, rail and air account for meagre 13.32 per cent, 0.09 per cent and 0.30 per cent
respectively (Office of the National Economic and Social Development Board
(NESDB), 2017). The above figures are indicative of the influence of the maritime
industry on the economy of Thailand. Within this framework, the Port Authority of
Thailand is an essential component and has an increasingly important role to play in
the development of the maritime industry and consequently the economy of the
country.
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The Port Authority of Thailand is a public utility state enterprise under the
MOT with a mandate to conduct the businesses of ports within Thailand in the interest
of the state and public. The Port Authority of Thailand manages two major ports,
Bangkok Port and Laem Chabang Port, and three regional ports, Chiang Saen
Commercial Port, Chiang Khong Port and Ranong Port. The management models vary
from port to port with differing levels of control and private participation. Bangkok
Port is wholly owned and operated by Port Authority of Thailand. For Laem Chabang
Port, Port Authority of Thailand acts as a landlord where the operations are offloaded
to private enterprises with Port Authority of Thailand acting as supervisor. Though the
regional ports are owned by other government agencies, their operations and port
related services are still managed by Port Authority of Thailand.

1.1. Problem Statement
Bangkok Port is located on the west side of the Chao Phraya River. There are also
seven private ports located along the river as indicated by numbers 1-6 and 8 in figure 1.

7
8

Container Terminals in Chao Phraya River

6
5

4
3

2

1

1. Wharf No.2 F
CONTAINER
THROUGHPUT Not over 150,000 TEUs
2. Wharf No.1 C
CONTAINER
THROUGHPUT Not over 120,000 TEUs
3. Wharf No.7
CONTAINER
THROUGHPUT Not over 50,000 TEUs
4. Wharf No.4 A
CONTAINER
THROUGHPUT Not over 100,000 TEUs
5. Wharf No.10
CONTAINER
THROUGHPUT No limit
6. Wharf No.16 A-C
CONTAINER
THROUGHPUT No limit
7. BANGKOK PORT (Wharf No.20 A-F)
8. Wharf No.21 E
CONTAINER
THROUGHPUT Not over 70,000 TEUs

Figure 1: Location of Ports along the Chao Phraya River
Source: Port Authority of Thailand
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Even though the Port Authority of Thailand registered an increase in its revenue
(6,004.711 Million baht) for the fiscal year 2017 (from October 2016 to September
2017) on account of the increased revenue from Laem Chabang Port, Bangkok Port
has reported a loss of 65.37 million baht in the same year. The revenue of Bangkok
Port has been steadily declining since 2013 and it has been registering losses except
for one year, 2015, when it reported a net profit as shown in figure 2 (Port Authority
of Thailand, 2018a), It shows the big challenge being faced by Bangkok Port in its
continually declining revenue and is a worrying trend. Bangkok Port’s declining
revenue is the resultate of many contributory factors.

Figure 2: Bangkok Port's Financial Status 2013-2017
Source: Port Authority of Thailand

Bangkok Port’s revenue is generated from 1) vessel income, 2) cargo income, 3)
service income, 4) rental of land, buildings and warehouses, and 5) Other income. In
2017, Bangkok Port’s revenue was 6,475.27 Million baht. which can be divided into 5
main parts; revenue from vessel (632.34 Million baht), cargo (5,233.38 Million baht),
services (15.3 Million baht), rental of land, buildings and warehouses (383.57 Million
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Baht), and other income (210.68 Million baht), each accounting for 10 per cent, 81 per
cent, 0 per cent, 6 per cent and 3 per cent respectively (Port Authority of Thailand,
2018b).
Figure 3 shows that Bangkok Port’s throughput has declined from around 1.56 million
Twenty Foot Equivalent Unit (TEUs) in 2015 to 1.50 million TEUs, a drop of 3.90 per
cent in two years. However, private ports’ throughput has registered an increase of
15.45 per cent during the same period (Port Authority of Thailand, 2018c). What
Bangkok Port lost, private ports have gained. Presently the market share of Bangkok
Port vis-à-vis private ports is in the ratio of 84:16, however, it is bound to alter in
favour of the private ports if the throughput decline of Bangkok Port is to continue.

Figure 3: Number of Container Throughput of Bangkok Port and Private Ports from 2013-2017
Source: Port Authority of Thailand

Assessment of port performance indicators for the fiscal year 2017 shows a
decrease in the number of ship calls (Figure 4) while Ship Berthing Time 24.32 average
hr. / ship, Ship Working Time 22.36 average hr. /ship, Berth Occupancy 75.67 per
cent, and Crane Productivity 25.73 TEU/ crane/ hr. (Port Authority of Thailand,
17

2018d). The high expenses incurred on operational and administrative work has
adversely affected the profit of Bangkok port.

Figure 4: Number of Vessels 2008-2017
Source: Port Authority of Thailand

A recent survey studying the level of customer satisfaction found that the factors
influence the clients to choose private ports instead (Port Authority of Thailand, 2016).
(a)

Price & Operation System Inflexibility. Private ports use promotional/

discounted prices (including port due, port charges and cargo handling charges) during
specific periods to attract more clients which works out cheaper compared to Bangkok
port. Private ports can react much quicker to market dynamics and adjust their prices
due to less bureaucratic hassles. The Port Authority of Thailand being a public
enterprise is comparatively inflexible in organisation and operations of the port, e.g.
any change in price rate needs approval from the cabinet, and hence they are not able
to adjust their prices quickly enough in reaction to market dynamics making it difficult
to compete with competitors. Not only pricing but also the long processes and
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procedures involved in services causes delays and an additional cost burden to port
users.
(b)

Lack of Customized Services/ Poor Quality of services. For example,

Bangkok Port uses the “first come first serve” as its service provides criteria whereas,
major and regular clients/shipping lines would like to have priority services such as
fixed/priority berthing. In addition, Bangkok Port’s operations are not efficient
enough, leading to unnecessary delays and poor quality of service. The Ship waiting
time for Bangkok Port has increased. Ships now have to wait for 10.19 hours on an
average, and in some cases, ships have had to wait for more than a day. Increased ship
waiting time is due to limited depth of water, lack of adequate quay space and traffic
congestion in port. Increased ship waiting time means the huge additional cost for port
users, which leads to reduced service quality and customer satisfaction.
As the future is uncertain and many fail making-decision cases in projects become a
risk for the port business (Güneş, 2009). In addition, Bangkok Port has been facing the
declining revenue due to improper port layout, lack of efficient equipment and
operating system, lack of customized services, poor quality of services and low
customer satisfaction. Thus, the port needs to invest in some project to improve the
port efficiency, however, the port investment is an intensive cost. Consequently,
accurate revenue forecast will improve the efficiency of the decision-making process
and strategic management for future. This project will study the relationship between
Bangkok Port’s revenue and the variables affecting the revenue by using the regression
model in order to solve Bangkok Port’s problem, by improving its performance and
profit. The regression analysis modelling technique is used to predict and investigate
the relationship between a dependent variable (target, Y) and independent variables
(predictor, X). This technique is used for forecasting, time series modelling and finding
the causal effect relationship between the variables (Hyndman & Athanasopoulos,
2018). There is only a few research studies on the relationship between port revenue
and influential factors such as Tema port in Ghana (Anum Modin, R., 2011) by using
the linear regression, Ports in the USA by using a Cobb-Douglas model (Malchow, M.
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B., 2001). However, there are studies in other businesses such as airline transport
(Venkat et al., 2004), the film industry (Ghiassi et al., 2015) by using the Neural
Network, the hotels by using Statistical Package for the Social Science (Steed & Gu,
2009) and etc.

1.2. Objectives
This research aims to study the effect of influential factors including internal and
external factors with Bangkok Port’s revenue. The analysis of these significant factors
will reflect actually Bangkok Port’s revenue in order to allocate budget and resources
into the projects rely on the significant factors, and to mitigate the project risk as well
as to improve the efficiency of the decision-making and the strategic management to
maximise revenue.

1.3. Research Questions and Hypotheses
Are Bangkok Port’s revenue related with the influential factors which are internal
factors namely the number of vessels calling, the number of total conventional cargo,
container import, and container export, performance indicators namely; berth
occupancy, berthing time, ship working time, and crane productivity as well as the
number of TEUs in warehouse?
Are Bangkok Port’s revenue related with the influential factors which are external
factors namely; Exchange Rate, Interest Rate, Land and Property Trading Value, Steel
Price Index, Number of Tourists, Thailand Export Value, Thailand Import Value, and
Thailand Import Value from China.

1.4. Research Structure
This research is a study on the relationship between Bangkok Port’s revenue and the
influential variables by using the regression model. This research can be divided into
five chapters as follows;
20

Chapter 1 contains the importance of maritime transport and ports in Thailand, the
overview of Port Authority of Thailand and Bangkok Port, the problem of Bangkok
Port, the objective of the research and the research questions and hypotheses.
Chapter 2 describes the definition of port, port characteristics and type, world
merchandise trade, characteristics of Thai economy, Bangkok Port role to Thai
economy, Bangkok Port performance, and the literature review of forecasting.
Chapter 3 explains the research methodology including explanatory variables
influences to Bangkok Port’s revenue, data collection and analysis, Unit root test,
Multicollinearity (Correlation) Table, Cointegration test, Autoregressive Process (AR)
and Moving Average Process (MA), Testing for non-normality by Jarque Bera test,
Heteroscedasticity Assumption, Serial Correlation Assumption, Correct Functional
Form Assumption (Ramsey’s RESET test), Cumulative sum (CUSUM), Chow test,
and Forecast model.
Chapter 4 interprets the result of the methodology and evaluates the forecast model by
using the statistic technique and all the theories.
Chapter 5 discusses the forecast model, explains the influential variables concerning
the economic perspective, answers the research questions, and suggests the port
development project and the best practice of successful ports. The conclusion is
included. In the last section the limitation of the research is considered.

1.5. Research Contributions
As the study on revenue forecasting is very infrequent found especially in port
business. In addition, there has been no study on this issue in Thailand and South East
Asia Region. Thus, this dissertation is a contribution to the port business as a
benchmark in the future. Thus, it is very useful for other ports to study on their revenue
forecasting. Besides, the influent factors affect the Bangkok Port’s revenue found in
this dissertation will helpful for Bangkok Port to consider and aware of the strategic
revenue management and allocate budget in order to maximise the port’s revenue and
it also provide the crucial inputs to make the right decision in investment to reduce the
risk of investment in projects. Furthermore, it can say that the revenue is affected by
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the number of throughputs. Thus, an increase in revenue can imply that an increasing
number of throughput. This forecast model will benefit stakeholders in supply chain
which are shippers (consignors) and consignees or cargo owner, and third-party
logistics service providers (freight forwarders/ cargo agents/ truckers) who responsible
to move the containers from port to the destination as well as depot or warehouse
operators to prepare and manage to handle the throughput in order to make efficiency
traffic flow and reduce cost or provides them with more profit-making opportunities.

Additionally, this dissertation is the work of literature to study on the Linear
Regression Method and Revenue Forecasting of Port including explanation of forecast
methodology and process, interpretation the result of the methodology and evaluates
the forecast model by using the statistic technique and all the theories. In addition,
there are only a few studies describes the definition of port, port characteristics
(Gateway function, Transhipment ports, Transit Port) and Type of Port (Sea Port,
River Port) as well as Thailand economy and Bangkok Port. Therefore, this
dissertation is useful to study on the important of port and the Thailand situation
especially Bangkok Port.
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2. LITERATURE REVIEW
2.1. Definition of a Port
Cairns and Carel (2016) defines a port as the place where there are movements of
passenger and cargo traffic among vessels, and between vessels and overland carriers.
Furthermore, the term port is designated a unit of organisation or operation of a set of
facilities associated with the exchange or transfer of seaborne trade, or of other
maritime activities for example, the fishing fleets service, naval installations or
pleasure craft. The term Port comes from ‘porta’ (a door) (Casaca, 2013) and ‘portare’
(to carry) or a portal which means the city gateway (Appu & PGDIB, 2016). In
addition, it defined as a set of moles, basins and docks, which prove to treat all kinds
of vessels and goods. Port is the area which has services for anchoring or vessels
berthing and equipment for exchanging of goods from vessel to shore, vessel to vessel
or shore to vessel (Alderton & Saieva, 2013).

2.2. Port Characteristics
In accordance to Asia Pacific Economic Cooperation (APEC) studies on the Promotion
of Regional Economic Integration by Developing APEC Gateway Port Connectivity
(APEC, 2016a), most container ports undertake 3 main functions:

2.2.1. Gateway Function:
The flow of cargo between the hinterland and ultimate destination ports, the
latter normally being located overseas (Figure 5). The hinterland-port movement is
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referred to “inland connectivity” and can be connected through barge, rail, and truck
depending on the port geography (International Transport Forum, 2009). Hinterland is
determined as the land area within 250 km of the port, e.g. in North Europe; Hamburg,
Rotterdam, and Antwerp competes for the same cargo base from a common hinterland
within Hungary, Austria, Germany, and beyond (APEC, 2016b).

Figure 5: The Gateway Functions
Source: Asia Pacific Economic Cooperation

2.2.2. Transhipment Ports:
Since 1970s, the early transhipment ports started developing in the far-east for
connecting those countries and regions not directly served by main-haul shipping
services. Singapore, Hong Kong and Busan were the pioneering ports widely used by
major ocean carriers for transhipping containers (Notteboom, et al., 2014) Afterwards,
almost pure transhipment terminals (i.e. with a transhipment incidence of 75 per cent
or more) emerged primarily since the mid of the year 1990 within many global port
systems; Tanjung Pelepas (Malaysia), Freeport (Bahamas), Taranto, Gioia Tauro,
Algeciras Salalah (Oman), Damietta, Cagliari and Malta in the Mediterranean, to name
a few (Ducruet & Notteboom, 2012). Also, Transshipment port area location and
operation of container terminal facilities are not always guided by the concurrence of
the terminal through a regional or local hinterland region. Transhipment ports have
basically three forms:
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2.2.2.1. Hub-and-Spoke Transhipment
The transhipment hub is to provide connectivity between short distance feeder
lines and long distance deep-sea lines to connect with regional and global shipping
networks. The transhipment hub acts as a consolidation point of regional where the
transhipment hub depends on a central location commanding access to a region. The
ship capacity between the feeder and deep sea services differ significantly. The feeder
ships tend to be of smaller capacity than those on deep-sea lines. Major transhipment
hubs usually have a low maritime deviation (distance from main shipping lanes), and
many provide connectivity between north-south and east-west shipping lanes. In
present circumstances, this concept can lower shipping line logistics cost (Sorgenfrei,
2013a). However, it is necessary for the hub port to ensure faster ship turnaround time
and efficient and quality customers services. Singapore port acts as a transhipment port
in the ASEAN region. It collects/distributes cargos from/to small ports nearby such as
Laem Chabang Port in Thailand, Tanjung Priok Port and Tanjung Perak Port in
Indonesia.
2.2.2.2. Intersection Transhipment
The transhipment hub acts as an exchange point between several long-distance
shipping routes. It usually involves the movement of cargo between large ships since
deep-sea routes are subject to economies of scale (Rodrigue, 2016).
2.2.2.3. Relay Transhipment
The Relay Transhipment is the link between mainline/ deep-sea/ long-haul liner
services where the transhipment hub becomes an interface between shipping routes
along the same maritime range, but servicing different port calls (APEC, 2016c). Some
regional services may call the same port, permitting additional opportunities for relay
forms of transhipment. Vessel capacity can differ since regional routes can be serviced
by smaller vessels. Relay port functions usually handle cargo to/from the supreme of
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a trade-lane, from primary, secondary or tertiary ports. As an example for the AsiaNorth America trade;
– Primary ports would include Port of Singapore, Shanghai, Shenzhen,
Ningbo, Tanjung Pelepas, Long Beach, Los Angeles.
– Secondary ports would be Hong Kong, Busan, Yokohama/Tokyo,
Kobe/Osaka, Bohai, Port Klang, Colombo, Salalah – Oakland, New York / New
Jersey, Savannah etc.
– Tertiary ports would be Kwangyang, Shimizu, Nagoya, Lianyungang, Laem
Chabang Port, Jakarta – Santos, Seattle / Tacoma, Prince Rupert.

While the hub-and-spoke form accounts for about 85 per cent of all transhipment
activities, intersection and relay forms account for about 15 per cent. Transhipment
was firstly developed to service smaller ports where had bad nautical access (sites
cannot support larger container vessels) or limited infrastructure, which tend to the
setup of hub-and-spoke networks. Afterwards, intersection and relay transhipment
were introduced, enabling different levels of connectivity within global maritime
shipping networks. Currently, global transhipment ascendant has stabilised in the 2830 per cent range, implying that transshipment is now a mature activity. Future growth
will be in proportion to the global container traffic growth, but certain factors could
further raise the scale of transshipment. Shortly, the global transshipment incidence
could achieve 35 per cent (Rodrigue, 2015).

2.2.3. Transit Port:
Transit cargo refers to those cargoes that is moved from the origin point across
international borders to another country over land (Manaadiar, 2014). This type of
cargo is carried from ports by rail or road or waterway across the country to a third
country (Sorgenfrei, 2013b). Transit Port is where cargoes received are from/to
crossed third country by coasters and barge etc. (Howtoexportimport, 2018). Bangkok
Port is the transit port.
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2.3. Type of Port
2.3.1. Sea Port:
A seaport is a place of exchange between sea and land, a port located close to open sea
and the international water. Seaport can be defined according to different approaches
such as economic, geographical, legal and institutional. In a more restricted sense, the
port definition has been dealt with in several ways.
Deepwater Seaport is considered the port that draft (draft mean by the vertical distance
from the water surface to the sea floor) both in the access channel and in the port area,
exceeds 13.72 meter. Moreover, if some ports are located far from the open sea but
have a call from an ocean vessel, they can be considered as a seaport. For instance, the
Port of Hamburg in Germany due to its geography should be called a river port, but
since the port is accessed by ocean vessels, it can, therefore, be considered as a seaport
(Roa et al., 2013a). Laem Chabang Port is a sea port.

2.3.2. River Port:
A river port is a port located on riverside or located far from the open sea. Moreover,
the river port is normally inaccessible and called by ocean vessels. "River port" handle
the facilities of the river traffic, for example barges and other shallow draft vessels.
Several ports on a canal, river or lake that can enter to an ocean or sea, and some cases
called "inland ports". According to the Ports are areas where are appended a sea, ocean
or river by connecting waterway and are importantly considered as entities. They are
equipped with infrastructure and technical facilities of any kind that allow them to
manage the load type for which they are specialized. Its basic function is to provide
shelter to various vessels, allowing the transfer of goods from one means of transport
to another (Roa et al., 2013b).
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2.4. Port Revenue
According to World Bank (2007), the port revenue is from port dues, services to
vessels, estate revenue, on board and on land services to cargoes, administrative
operations revenue, miscellaneous (e.g. rental of equipment). Similar with Gaur (2005)
stated that port revenue is from revenue from dues on a vessel, cargo handling revenue,
and additional rental of land as well as the repair and fuel supply to a vessel. In
addition, the port superstructure such as office, building, and parking area which affect
the port productivity and are revenue to the port. The sheds, warehouses, and yard area
support the quay area’s efficiency. This reflects the port capacity. Regarding the
United Nations Conference on Trade and Development (UNCTAD) (1969) defined
the port capacity is the use of ports to ensure that the volume of goods during a given
period of time. Thus, the capacity planning will help to optimise the revenue and cost
of the port. As port is an intensive competition business, the factors affecting to
customer satisfaction such as the time in port, the efficient and sufficient equipment,
and Customer Relationship Management can offer the increased revenue or reduced
cost and make customer loyalty. On the other hand, if the port has poor customer
satisfaction, this could lead to future losses in revenue for the port (UNCTAD, 2014).
Revenue forecasting is very essential for the port. An accurate forecast is useful to
create high-quality revenue budgets (Lin et al., 2013), to allocate budgets and to drive
a financial viability of the project (Meredith Wood, 2018), and to provide important
information to make a right decision (Department of Treasury and Finance
Government of Western Australia, 2006). In order to the port are well managed on its
revenue which can survive and compete with the competitors in business and satisfy
customer demand. While the wrong forecast can be a high cost for the port. However,
the revenue forecasting is complex and time-consuming (Laughlin, 1999) as well as
confidential (Schreuder & Klaassen, 1984). As a result, the literature related to revenue
forecasting in port business has no study for Thailand and South East Asian ports.
Therefore, this study will be the first one for Thailand and South East Asian port that
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can act as a benchmark in the future. Nevertheless, there are few studies in other
regional are follows;
Tema port in Ghana studied on the Statistical analysis of revenue contributions of some
high-risk goods. This study analysed the relationship between six commodities
namely; Auto-parts, Rice, Computers and Accessories, Household Electricals, Poultry
Products, and Used Clothing, and the imports revenue as well as forecast the port
revenue by using the linear regression. The significant variables are Rice, Auto-parts,
and Household Electricals which affecting the revenue. Especially, rice is the highly
contributed to its revenue.
Matthew (2001) study on the relationship between domestic and foreign traffics
namely; the liner traffic (containerized), tanker traffic (liquefied), and tramp traffic
(bulk) and port’s revenue in the USA by using a Cobb-Douglas model. The result
showed that the revenue is strongly correlated with liner traffic by testing the
correlation and the liner traffic is highly significant to the port's revenue while the
foreign tanker traffic is the lowest significant to the port's revenue. Moreover, it found
that the value of land for California contributes to the revenue of port. The efficiency
of equipment also affects the port revenues due to it make the port more attractive to
the customer.
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2.5. World Merchandise Trade

World Seaborn Trade

Major Bulks

Coal, Iron ore, and
Grain
Minor bulk

Dry Cargo
Other dry
Other Dry Cargoes
Crude Oil
Liquid Bulk

Oil products and
other liquids

Figure 6: The World Merchandise Trade Commodities

Figure 7: The World Merchandise Trade Volume 1980-2016
Source: Review of Maritime Transport, 2017
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Containerised
cargo

According to UNCTAD (2017), In 2016 the global seaborne trade increased 2.6 per
cent with 10.3 billion tons. The container trade rapidly grew at 3.1 per cent or 140
million TEUs. In addition, UNCTAD forecasted the maritime trade growth will be at
2.8 per cent with 10.6 billion tons or its growth rate of 3.2 per cent between 2017 and
2022. The cargo type of the world seaborne trade comprises of (Figure 6);

2.5.1. Dry Cargo
Dry Cargo includes major bulks (coal, iron ore, grain and minor bulks) and other dry
cargoes (containerise Cargo and other dry). In 2016 the seaborne dry cargo shipments
amounted to 7.23 billion tons, the share of the five major bulk commodities (coal, iron
ore, grain and bauxite/alumina/phosphate rock) amounting to about 43.9 per cent, other
dry cargo namely breakbulk shipments, containerized trade accounting for 23.8 per
cent and minor bulks 23.7 per cent (Figure 7).

2.5.2. Liquid Bulk
In 2016, the oil and gas was 3.06 billion tons, including crude oil, shale oil, oil sands
and natural gas liquids.
Bangkok Port and Laem Chabang Port mainly serve containerised cargo with no
service for the liquid bulk.

2.6. Characteristics of the Thai Economy
Thailand has become more of an industrial country playing an important role as a
manufacturing base especially in the automotive sector and has developed into the
biggest automotive hub in Southeast Asia and the largest in the world
(ASEANBRIEFING, 2018). According to the Bank of Thailand (BOT), Thailand’s
economy has shown very slight growth from 2005 to 2017, growing by 4.6 percent per
year. The slowdown of the GDP has been a result of the financial crisis due to the
global financial crisis and political crisis in 2008 as well as disaster crisis due to the
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floods in 2011. The GDP Annual Growth Rate in Thailand averaged 3.73 percent from
1994 until 2017 (NESDB, 2017b). From Table 1, in 2017, GDP grew by 3.9 percent,
Manufacturing by 2.5 percent and Consumption by 3.2 percent. Moreover, the
investment, private consumption, and exports continued to increase at a steady pace
driven mainly by merchandise exports and tourism. The import also increased from
the previous year.
Table 1: Thailand Economy Data

Year

Economic Indicators

2013

2014

2015

2016

2017

6,172

5,937

5,819

5,970

6,591

GDP (USD bn)

422

408

401

412

455

GDP Growth (%)

2.7

1

3

3.3

3.9

Consumption (annual variation in %)

0.9

0.8

2.3

3

3.2

Investment (annual variation in %)

-1

-2.2

4.3

2.8

0.9

Manufacturing (annual variation in %)

1.9

-4

0

1.4

2.5

Inflation Rate (%)

2.2

1.9

-0.9

0.2

0.7

32.76

32.92

36.04

35.78

32.64

GDP per capita (USD)

Exchange Rate (vs USD)

Source: Focus economics

Table 2: Summary Trade of Thailand
Value : Million Baht

Growth Rate (%)

Items
2015

2016

2017

2015

2016

2017

Total Trade

14,131,801.21

14,438,890.77

15,593,383.59

-3.9633

2.17

8.00

Export

7,225,722.80

7,550,704.07

8,006,265.18

-1.1676

4.50

6.03

Import

6,906,078.41

6,888,186.70

7,587,118.41

-6.7238

-0.26

10.15

Trade Balance

319,644.39

662,517.37

419,146.76

444.3857

107.27

-36.73

Source: Ministry of Commerce

In addition, Thailand’s total trade in 2017 (Table 2) increased by 8 per cent from 2016;
the export was valued at 8,006,265.18 Million Baht, increase of 6.03 per cent while
import value was 7,587,118.41 Million Baht, increase of 10.15 per cent. The main
export destinations were China (997,982.7 Million Baht: 12.5 per cent), USA
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(898,823.3 Million Baht: 11.2 per cent), and Japan (746,519.3 Million Baht: 9.3 per
cent). The main import destinations are China (1,515,066.4 Million Baht: 20 per cent),
Japan (1,097,916.1 Million Baht: 14.5 per cent), and USA (508,528.4 Million Baht:
6.7 per cent) (Ministry of Commerce (MOC), 2018).

2.7. Bangkok Port’s Role in the Thai Economy
Port Authority of Thailand is the gateway to Thailand. Most exports and imports of
cargo pass through Laem Chabang Port and Bangkok Port. According to the study of
Thailand’s GDP, the total export and import variables have a positive effect on
Thailand’s GDP as well as its effect on Bangkok Port’s Container Import Volume and
Laem Chabang Port Container Export Volume. Therefore, Thailand’s economy is
related to Bangkok Port and Laem Chabang Port performance.

2.8. Bangkok Port Performance
Bangkok Port is a river port located at the heart of the capital of Thailand. The total
quay length is 1,528 meters, which primarily accommodates container feeder vessels
with two container terminals located on the East Quay as well as the conventional and
passenger terminal located on the West Quay. In 2017, Bangkok Port’s throughput was
around 1.5 Million TEUs, the main cargo being metal and steel, chemicals, and plastics
and rubber products respectively. Bangkok Port’s revenue was 6,475.27 Million baht
which can be divided into 5 main parts; revenue from vessel (632.34 Million baht),
cargo (5,233.38 Million baht), services (15.3 Million baht), rental of land, buildings
and warehouses (383.57 Million Baht), and other income (210.68 Million baht), each
accounting for 10 per cent, 81 per cent, 0 per cent, 6 per cent and 3 per cent respectively
as shown in figure 8 (Port Authority of Thailand, 2018b).
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Figure 8: The proportion of Bangkok Port’s revenue in 2017
Source: Port Authority of Thailand

2.8.1. The Composition of Revenue from Vessels
The revenue from vessels comprises port dues, tug service charges, berth hire, and
other income from vessels. The details are as follows;
2.8.1.1. Port Dues
The due for using the channel bar, maritime signage and facilities for the safe
navigation to Bangkok Port. They are charged only for inbound traffic to Bangkok
Port. It accounts for 72 per cent of the total revenue from vessel services. The rates are
as in Table 3.
Table 3: Port Due Fee

Port Due

Price (Baht / GRT.GT.)

Vessel size 750 GRT-2,250 GRT or GT.

5

Vessel exceeding 2,250 GRT or GT.

10
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2.8.1.2. The Tug Service
A charge for a tugboat service for a ship entering or leaving the port. It depends on the
size of the vessel used for towing per round (0.04 baht/GRT., GT./Hour). It accounts
for 18 per cent of the total revenue from vessel services. The minimum service charges
for one tug boat are as below;
Table 4: Tug service fee

Tugboats Service

Price (Baht/ hr.)

Tugboats are less than 2,000 horsepower

3,000

Tugboats of 2,000 or more horsepower

6,000

2.8.1.3. Berth Hire
The cost of berthing vessel at Bangkok Port. It includes mooring and unmooring, and
staff charges. It is charged on an hourly basis (Table 5) and accounts for 9 per cent of
the total revenue from vessel services.
Table 5: Berth hire fee

Berth Hire

Price (Baht / 100 GRT.,GT./ hr.)

Container terminal

9.00

Conventional terminal

8.00

Dolphin/ anchor

6.50

Buoy

4.50

If there is a case of canceling, waiting or postponing for more than 2 hours during the
mooring process, an additional service fee will be charged as follows:
Table 6: Berth Hire Cancellation Fee

Berth Hire Cancellation

Price (Baht / vessel/ time)
750

Bangkok Dolphin

1,500

Bang Hua Sua Dolphin
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2.8.1.4. Other incomes from the vessels
The garbage charge, water supply service, quay cleaning charge, miscellaneous
revenue from the marine department which accounts for 1 per cent of the total revenue
from vessel services.

2.8.2. Revenue from Cargo
Revenue is comprised of import cargo, export cargo, and other income from cargo
services. The revenue from import cargo plays an important role as the highest
proportion of revenue from cargo services at 65 per cent. While export cargo accounts
for 26 per cent.
2.8.2.1. Import cargo services and export cargo services are;
Container Lifting Charge is charged for loading or unloading cargo. The cost of using a

crane. The rates are as follows.
Table 7: Container Lifting Charge

Container Lifting Charge

Price (Baht/ container/ time)

Container size
Crane

20'

40'

45'

1,000

1,700

2,000

Container Wharfage is for using equipment to move the container in the port as well as

for loading and unloading on board.
Full Container Load (FCL) container or Empty Container, unloaded from the vessel
and delivered directly by land or moved to the storage yard in order to wait for delivery
and vice versa.
Less than Container Load (LCL) containers are stored at the container yard, then
moved to the open yard area then deliver the empty container to the storage area of the
empty container.
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Table 8: Container Wharfage Fee

Container Wharfage fee

Price (Baht/ container)

Container size

20'

40'

45'

FCL

370

630

740

LCL

810

1,380

1,620

Empty container

340

580

680

Container Storage Charge
Inward Container: Inbound empty container changed from the LCL container can be
stored for 3 days free of charge. The LCL containers containing dangerous goods can
stay at the port one day only. The rates are as follows.
Table 9: Container Storage Charge

Empty container
Days

Price (Baht/ container/ day)
Container Size

20'

40'

45'

1-7 days

25

50

60

8-14 days

50

100

120

15 up days

100

200

240

Lift on / Lift off Charge is a charge for lifting FCL or LCL container onto/from the vehicle

or barge, including Wharf Handling Charge from the yard, and the fee of shipping or
barge (Lifting Charge). Charges are as follows:
Table 10: Lift on Charge

Lift on Charge

Price (Baht/container)

From/To Truck

20'

40'

45'

FCL

1,550

2,650

3,100

LCL

1,850

3,150

3,700

FCL from Bangkok Port’s crane

2,010

3,040

3,360

FCL from vessel or private’s crane

1,660

2,445

2,660

From/To Barge
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Table 11: Lift off Charge

Lift off Charge

Price (Baht/container)

From/To Truck

20'

40'

45'

Container

500

900

1,000

Empty container

400

680

800

Container

1,530

2,320

2,630

Empty container

1,330

2,020

2,280

1,180

1,725

1,930

980

1,425

1,580

From/To Barge
By using Bangkok Port’s crane

By using vessel or private’s crane
Container
Empty container

In addition, it also includes the Shut-out Container Charge, Shifting of Transshipment
Container Charge, Empty Container Lift on Charge, Extra Container Movement,
Stuffing of Un-Stuffing Service, Stuffing Supervision Charge, Container Weighing
Service, Reefer Container Service.
Conventional Cargo Wharfage
Conventional Cargo Wharfage is charged for loading or unloading of general cargo or
conventional cargo.
Table 12: Conventional Cargo Wharfage Fee

Wharfage fee : Import cargo

Price (Bath/ton)

Loading and unloading fee

4

Vehicles and equipment for moving the cargo

10

Wharfage fee : Export cargo

Price (Bath/ton)

Storage at warehouse

34

Vehicles and equipment for moving the cargo

22
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2.8.3. Revenue from Services
Revenue from service is from cleaning service, telephone rental, water supply service,
and electricity service.

2.8.4. Revenue from Rental of Land, Buildings and Warehouses
In Bangkok Port, the port operation area is 400.12 acres of land, office buildings,
warehouses, transit sheds, and open storage areas. Bangkok Port has 17 transit
sheds for export, import and empty containers, and conventional cargo and 5
warehouses including in transit Warehouse, Bonded Warehouse, Dangerous Cargo
Warehouse, and Vehicle Warehouse.
Port Authority of Thailand also manages land, buildings, leases areas outside of
Bangkok Port’s customs fence areas to generate revenue (its calculated in Bangkok
Port’s revenue). These areas are rented to the government and private agencies to
conduct activities that support port business and maximise benefits from the areas.
Asset management revenues derived from the land, buildings and areas outside
Bangkok Port’s customs fence as well as the income from the fee of rent, contract, and
transfer contract to others.
Table 13: Land Fee

Land Fee
Temporary land lease
Rental rate
Lease fee
Land lease for privates
Zone 1
Zone 2
Zone 3
Zone 4
Land lease for government
Rental rate (Zone1-4)
Land lease for public or state enterprise
Zone 1

Price (Baht/ 4 Sq.m / month)
24
2.50
278
203
245
172
15
278

Zone 2
Zone 3
Zone 4

203
245
172
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Table 14: Warehouse Fee

Warehouse fee

Price (Baht/ 4 Sq.m / month)
Building fee
50
Land fee
15
First rent
35
Contract fee
35
Noted: if rent more than 80,000 Sq.m is cost 150 Baht/ 4sqm/ month.

2.8.5. Other Income
Other income comprises of interest income, additional rental income from late
payment, other indemnities, and miscellaneous.

2.9. Quantitative Methods
Quantitative Methods focus on objective measurements and the mathematical,
statistical or numerical analysis of data collected through surveys, questionnaires, and
polls, or by manipulating pre-existing statistical data using computerise techniques to
explore the correlation between variables using statistical analyses and then
forecasting for the future trend (Muijs, 2010).
Moreover, forecasting serves many predicting information which can support people
and organisations in future planning and making the right decisions. Accurate
forecasting of revenues plays a significate role in avoiding both underfunding and
excessive funding. Forecasting requires the availability of sufficient data and crucial
methods of analysis to estimate the variable values for the future.

2.9.1. Autoregressive Moving Average models (ARMA)
The Autoregressive Moving Average (ARMA) model is the statistical analysis of time
series to check whether the value and error of yesterday affect today or not. This model
enhances the ability in capturing the characteristics of the demand. The integration part
can be included to create a model that deals with datasets, which are non-stationary
(Vu et al., 2017). Moreover, it is a time series model considering one-step ahead of
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forecasting of series (Pektas & Cigizoglu, 2017). For instance, the Port of Antwerp can
use ARMA with non-stationary data which combines differencing the non-stationary
time series with the ARMA. This model is commonly used for such forecasting as a
short-term forecast of container throughput (Heijman et al., 2017).

2.9.2. Dummy Variable Multiple Regression Forecasting Model
Dummy Variable Multiple Regression Forecasting Model is widely used to forecast
based on a variable that can be arranged in any sequence, including time-order, using
the multiple regression approach and the robust method of dummy variables, with the
design matrix obtained by a cumulative coding arrangement (Mohammed, 2018).

2.9.3. Regression
Regression is a statistical technique to determine the linear relationship between two
or more variables. There are several names to call Y and X variable as shown in figure
6. Regression analysis modelling technique is used to predict and investigate the
relationship between a dependent variable and independent variables. This model is
primarily used for prediction and causal inference. There are several research studies
on regression in maritime business which analyses the relationship between vessel
value market and freight rate, forecasting the port throughput etc.
Table 15: The Name of Y and X Variables

Y variable
dependent variable
regressand
effect variable
explained variable

X variable
independent variables
regressors
causal variables
explanatory variable
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2.9.3.1. Simple linear regression
Simple linear regression (Brooks, 2014a) is used to explain a dependent variable by
one independent variable. The general equation can be written as:
𝑌 = 𝛼 + 𝛽𝑋𝑡 + 𝑈𝑡
This equation is a simple straight line that relates Y variable and X variable.


Where α parameter is called the intercept or constant,



The coefficient (β) is to measure a slope of the straight line. If β is zero, there
is no association which means X has no linear relationship with Y, if β is
negative, the increase in X leads to a decrease in Y by –β, If β is positive, the
increase in X leads to an increase in Y by +β.



U is a random disturbance (the error term) to measure the difference between
the actual value and estimated dependent variable value for any given
independent variable values.



Where t is the number of observation.

2.9.3.2. Multiple regression
Multiple regression is used to explain a dependent variable by more than one
independent variables which is more accurate predictions (Konasani, V. R., & Kadre,
S., 2015).
The general equation for multiple regression is
𝑌𝑡 = 𝛽1 + 𝛽2 𝑋2𝑡 + 𝛽3 𝑋3𝑡 + 𝛽4 𝑋4𝑡 + … 𝛽𝑘 𝑋𝑘𝑡 + 𝑈𝑡 , 𝑡 = 1,2, … , 𝑇
the variables 𝑋2𝑡 , 𝑋3𝑡 , . . . , 𝑋𝑘𝑡 are a set of 𝑘 − 1 independent variables which are
thought to influence y, and the coefficient estimates 𝛽1 , 𝛽2 , . . . , 𝛽𝑘 are the parameters
which quantify the effect of each of these independent variables on the dependent
variable.
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β is known as a partial regression coefficient, interpreted as representing the partial
effect of the given independent variables on the dependent variable, after holding
constant, or eliminating the effect of, all other independent variables (Brooks, 2014b).
2.9.3.3. The Ordinary Least Squares (OLS)
The OLS is the most common approach to fit a line to the data. The sum of squared
regression errors will be minimized by applying the least squares (Guerard, 2013).
2.9.3.4. The Assumptions Underlying the Classical Linear Regression Model (CLRM)
The model ( 𝑌 = 𝛼 + 𝛽𝑋 𝑡 + 𝑈t) which we have used is known as the classical linear
regression model. We observe data for Xt, since Yt also depends on 𝑈𝑡 , we must be
specific about how the 𝑈𝑡 are generated. It concerns the disturbance terms and
interpretation (Brooks, 2014c).
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3. RESEARCH METHODOLOGY
Regression is the most important tool to use for analysing multi-factors data.
Regression aims to explain a movement of Y variable, or the dependent variable, by
referencing from X variable(s), or the independent variable(s) (Montgomery et al.,
2012). Model interpretation is considered by


T-Test (T-ratio or T-statistic)

The t-test is using for single hypotheses test, to examine the independent variable is
significant or insignificant affect to a dependent variable. Moreover, the distribution
sample of the coefficient estimates form a normal distribution that is approximated by
t distribution. “If a population coefficient in which the true value was zero against a
two-sided alternative, the t-test is used. The coefficient is divided by its standard error”
(Brooks, 2014d).
Thus, the appropriate t statistic;
̂𝑖 − 𝛽∗
𝛽
𝑖
Test statistic =
̂)
𝑆𝐸(𝛽𝑖

The hypothesis for t-test has the null hypothesis (denoted by H0) and the alternative
hypothesis (denoted by H1);
H0: the variable is insignificant (𝛽 = 0)
H1: the variable is significant (𝛽 ≠ 0)
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The null hypothesis is rejected for any level of significance greater than P-value
(critical value), while the null hypothesis is not rejected when a critical value less than
the P-value. The confidence intervals can be set at 90 per cent, 95 per cent and 99 per
cent. This paper will consider the confidence intervals at 95 per cent or the 5 per cent
significance level. Therefore, when the P-value is lower than 0.05, the null hypothesis
is rejected, this examines a significant independent variable.


F-Test

The F-Test is used for the multiple hypotheses test; to examine variables is
insignificant or significant (Brooks, 2014e). In this research, when the P-value is lower
than 5 per cent, the variable is significant. On the other side, it is an insignificant
variable if the P-value is greater than 5 per cent.


R-squared

R-squared appraises the goodness of fit for the model of regression, i.e. how the data
perfect fit to regression line or the regression model. It also explains the variation
percentage of the response variable (Cameron & Windmeijer, 1997). The value of Rsquared is 0-100 per cent whereas 0 per cent means that the regression model explains
there is no variability of the response data around it, while 100 per cent means the
regression model explains all of the variability of the response data around it (Brooks,
2014f).


Adjusted R-squared

The Adjusted R-squared will adjust the bias of small penalty for each additional
variable, which will improve the accuracy of the model's performance. Sometimes the
adding of another causal variable into the regression model, R-squared values increase
even though there is no economic reason for the variables to occur in the mode.
(Brooks, 2014g).
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In this research, the multiple regression model is used to examine the correlation
between Bangkok Port’s revenue and related variables. The procedures are as follows:

3.1. Data Selection and Explanatory Variables
This part presents the explanatory variable that were selected for analyses in the
regression model. The empirical models are used to study the effect of internal and
external factors with independent variables (X) on Bangkok Port’s revenue as the
dependent variable (Y).

3.1.1. Internal Factors
Bangkok Port is a river port and operates the terminals including 7 Container
Terminals, 2 Coastal Terminals, and a Multipurpose and Passenger Terminal. The type
of cargoes passing through Bangkok Port are containers, dry bulk and break bulk.
Therefore, Bangkok Port’s revenue comes from the port tariffs or port charges of these
terminals. According to the method of calculating the port tariffs or port charges, it can
be predefined so that the factors should be affecting the port revenue are the volume
of the vessels, cargoes, and usage hours. Thus, the considered internal independent
variables include nine variables namely; Bangkok Port’s Total Conventional, Bangkok
Port’s Container Import, Bangkok Port’s Container Export, Number of Vessel call,
Berth Occupancy, Berthing Time, Working Time, Crane Productivity and Number of
TEUs in Bangkok Port’s warehouse. The variables explanation is as follows:
3.1.1.1. Bangkok Port’s Total Conventional (Tons):
The number of conventional cargo handled by Bangkok Port. The number of cargo
through Bangkok Port is a direct variation to Bangkok Port’s revenue from cargo
service. A high number of conventional cargo handled means high revenue.
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3.1.1.2. Bangkok Port’s Container Import (TEUs):
The number of imported container handled by Bangkok Port. The number of container
through Bangkok Port is a direct variation to Bangkok Port’s revenue from container
service. A high number of imported container handles means high revenue.
3.1.1.3. Bangkok Port’s Container Export (TEUs):
The number of exported container handled by Bangkok Port. The number of container
through Bangkok Port is a direct variation to Bangkok Port’s revenue from container
services. A high number of exported containers handled means high revenue.
3.1.1.4. Number of vessel calls:
The number of vessels berthed at Bangkok Port. The number of vessels reflect on the
revenue from vessel services (port due, tug service charge, berth hire, and other income
from vessels etc.). The high number of vessels means high revenue. Bangkok Port
provides services to approximately 3,000 voyages per year. Due to inland location
limits, the port access is limited to ships of 12,000 Deadweight tonnage (DWT) or less.
The largest vessel was “WAN HAI 272” with 172.21 meters and a maximum capacity
of 1,871 TEUs. Moreover, a number of the vessels can be defined as one of the most
important key factors of port revenue.
3.1.1.5. Berth Occupancy:
The total time of a vessel at port divided by total berth hours available. Normally, high
berth occupancy is the time/hours that a vessel stays at the port meaning high income
for Bangkok Port. However, according to UNCTAD (1968), the optimum berth
utilizations for four berths is 60 per cent. If higher than 60 per cent, it is unfavourable
for the shipowners or customers regarding time and cost. Thus, it could result in the
reduction of Bangkok Port’s revenue.
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3.1.1.6. Berthing Time:
The total time of vessels at port. This will affect the revenue regarding some Bangkok
Port charges; berth hire is charged by the hour. On the other hand, high berth time
means a vessel stays at the port for a long time. This will affect some Bangkok Port
charges which are charged per vessel or time. Moreover, high berthing time is
unfavourable for liners, shipowners and customers regarding time and cost. Thus, this
could result in a reduction of Bangkok Port’s revenue.
3.1.1.7. Crane Productivity:
Showing the performance of cranes to handle a container. Resulting in the number of
TEUs handled per crane per hour, which is normally calculated and displayed as the
value in gross cranes and net cranes. High crane productivity means a high number of
TEUs handled per hour. It means effective work or works faster; then the port is
available for another vessel to arrive. This can reflect on the frequency of a vessel or
revenue. If it can increase the customer satisfaction and persuade a new customer to
use Bangkok Port, this is more beneficial for Bangkok Port.
3.1.1.8. Number of TEUs in the warehouse:
The Number of TEUs in Bangkok Port’s warehouse variable is the data which
collected from 6 transit sheds only due to the limitation of data available from Port
Authority of Thailand. The high number of TEUs handled in the warehouse reflects
high revenue.

3.1.2. External Factors based on Macroeconomics
Macroeconomics refers to the 'big picture' of economics that can be figured out by
industry, country, or global economic factors, which include the Gross Domestic
Product (GDP), growth rate, export and import value, exchange rate, inflation rate,
unemployment rates, consumer price index and how all these factors interact demand
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and supply within the market. According to Gosasang’s (2011) study on the factors
affecting port throughput are the world GDP, interest rate, exchange rate, population
the fuel price and interest rate affects import and export volumes. Thus, this can also
affect Bangkok Port’s revenue.
3.1.2.1. Thailand Export Value and Import Value
Thailand is trade-oriented, so the export of goods and services is approximately
74 per cent of GDP (Focus economics, 2017a), while imports account for
approximately 70 per cent. Thus, export and import value, which affects the port
throughput may also relate with Bangkok Port’s revenue.
3.1.2.2. Thailand Import Value from China
In 2017, China was the largest market for Thai producers. Thus, the import
value from China may relate to the container import in Bangkok Port.
3.1.2.3. Number of Tourists
Thailand is an attractive tourist destination, especially in Bangkok. The
services sector includes tourism accounts for 45 per cent of Thailand’s total GDP
(Focus economics, 2017b). If there is an increase in a number of tourists destinations
it will result in money inflow such as in the hospitality service sectors, such as hotels
and related tourist businesses that may lead to an increase in import volume in
Bangkok Port to consume the building materials and luxury decorations at tourist
sights.
3.1.2.4. Steel Price Index
Steel is the main cargo in Bangkok Port. The steel price is influenced by the
demand for the steel trade If the Steel Price Index is going up, it means a lower amount
of steel being imported and vice versa. Thus, it may affect the import volume in
Bangkok Port.
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3.1.2.5. Land and Property Trading
The land and property trading reflects the demand for real estate construction
or building houses in Thailand, which also affects the import volume in Bangkok Port.
3.1.2.6. Exchange Rate
Exchange rates play an important role to the international trade. The higher
the exchange rate the more imports become cheaper and the country's exports become
more expensive than in the international market and vice versa. Afzal (2007) presents
the depreciation of domestic currency caused by the exclusion of imports. However,
this increases the competitiveness of exports. Similar to the study of Kim (2017) the
exchange rate volatility has a similar causality on the import and export volume of
Korea. The USD/KRW exchange rate variables present a significant negative impact
on import volume. Therefore, the exchange rate variable may affect the import and
export of cargo volume in Bangkok Port.
3.1.2.7. Interest Rate
An interest rate is the percent of principal charged by the bank or lender to the
investor or borrower for the use of its money. When the interest rate is changed, it will
affect the public's demand for goods and services, therefore, consumption and
aggregate investment spending. An increase interest rate raises the cost of borrowing,
and an increased price level decreases the purchasing power and discourages business
to invest and reduce consumption, whereas, a decrease in interest rate lowers the
borrowing cost, which encourages businesses to raise funds to invest more capital,
fixed assets, or interest-sensitive components of production, consumption and,
therefore, the real output.

3.2. Data Collection and Analysis
This research uses time series data. All the variables have been collected (data) on a
monthly basis from January 2010 to December 2017. The total used data of 95 samples
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and the secondary data are obtained by the Port Authority of Thailand, BOT, NESDB
and MOC, and Ministry of Tourism and Sport (MOTS).
The independent variables are divided into two parts; Internal variables; Total
conventional, Container Import, Container Export, Number of vessel calls, Berth
Occupancy, Berthing Time, Working Time, Crane Productivity and Number of TEUs
in the warehouse. External variables; Thailand import value, Thailand export value,
Thailand import value from China, Number of Tourists, Steel price index, Land and
property trading, Exchange rate, and Interest rate. Then, scatter graphs are used to
show the regression relationship between the Y variable and X variables or Bangkok
Port’s revenue and related variables.

3.3. Unit Root Test
Before testing the unit root in Eviews software, all the variables are converted into logs
to avoid heteroscedasticity and make the variance of the error term to be constant. The
unit root test is testing the variable stationary or non-stationary (Brooks, 2014h). The
assessing stationarity methods are Augmented Dickey-Fuller (ADF), Phillips-Perron
(PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) to ensure all variables are
stationary and will not be misled to the value of the adjusted R-square.

3.3.1. Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP)
The hypothesis of stationary test is as followed;
H0: variable has a unit root (non-stationary)
H1: variable has no unit root (stationary)
The ADF is required to input the length of lagged variation on the data frequency. For
this research it uses monthly data. It also uses 12-14 as the maximum length of lags.
When the probability value is greater than 5 per cent, it accepts the null hypothesis;
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the variable is non-stationary which has a unit root. If the P-value is less than 5 per
cent, it rejects the null hypothesis. The variable is stationary or the particular
independent variable is significant, meaning to the dependent variable.

3.3.2. Kwiatkowski-Phillips-Schmidt-Shin (KPSS)
The hypothesis states that:
H0: variable is stationary
H1: variable is non-stationary
If the KPSS statistic test has the critical value lower than 5 per cent, it accepts the null
hypothesis, the variable is stationary. On the other hand, if the statistic is higher than
the asymptotic critical values at 5 per cent, it rejects the null hypothesis, then, the
variable is non-stationary.
Testing by EViews, the results of KPSS has to compare with the outcome of the ADF
and PP to see whether they are at the same directions; then to follow that result.
However, if ADF and PP examines the different results then it is wise to consider the
result of the KPSS as a priority.

3.4. Multicollinearity (Correlation) Table
The multicollinearity test, identified by the correlation coefficient between
independent variables, is examined in Microsoft Excel. If the coefficient correlation
between the two independent variables is greater than 0.8, then it implies that two
independent variables have a drastic correlation or multicollinearity (Gujarati &
Porter, 1999), and therefore one of them should be dropped from the regression model.
If the correlation is smaller than 0.8, it means there is no multicollinearity (Setyawati,
et al., 2017)
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3.5. Cointegration Test
The testing of Cointegration identifies a long-run relationship between independent
variables and dependent variables (Sjo, 2008). Further, when the variables have a longterm relationship, then an Error Correction test is applied to find out the short-term
relationship since there is possibly a short-term disequilibrium. Lastly, to test whether
these variables have causality, the Test of Granger Causality is applied. Granger (1986)
explored the Cointegration technique, and Engle and Granger (1987) permitted longterm components of variables to adapt long-term equilibrium relationships to the shortterm components having a flexible and dynamic specification (Khalil & Inam, 2006)
The Cointegration test is assumed through the hypothesis;
H0: a unit root in Cointegrating regression’s residuals
H1: residuals from Cointegrating regression are stationary
Single non-stationary variables can be paired and transformed to stationary. When
there is a Cointegration between the two variables, a stochastic relationship exists.
Although, these variables can variate/vary from the equilibrium in the short term, but
in the long-term, they can conform an equilibrium relationship. Therefore, estimating
the Cointegration by using the ordinary least square (OLS), the variables display
stationarity in level for the ADF, PP, and KPSS tests that variables may have a longterm relationship. Then, the error correction term (ECT) will be added to make the
model more robust. If the variables illustrate non-stationarity, then there is no
relationship in the long-term, and those variables will be omitted.

3.6. Autoregressive Process (AR) and Moving Average Process (MA)
For the time series analysis, the Autoregressive (AR) was introduced to find out
whether the value of yesterday has affected today and the Moving Average (MA)
models is used to find out whether the error of yesterday affects today. The research
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applies AR

(1-5)

MA

(1-5)

into the model and examines the significance. It will be

significant if the value after is applied on? the AR(p) and MA(q) is lower than 5 per cent.
On the other hand, it will be insignificant if the value after applying the AR(p) and
MA(q) is greater than 5 per cent. The insignificant ones are dropped from the model
but the significant AR(p) MA(q) will remain. Additionally, retaining or moving out will
follow by ARMA 5 to 1, respectively.

3.7. Residual Diagnosis
3.7.1. Testing for Non-Normality by Jarque Bera
Non-normality testing is used to examine the distribution of the data whether it has
kurtosis and skewness fitting a normality distribution. The Jarque Bera statistic has the
X2 distribution with two degrees of freedom to examine the critical value at 5 per cent
of the alpha level. The hypothesis is as follows:
H0: normality distributed errors
H1: non-normality distributed errors
if the probability value is greater than 5 per cent, the null hypothesis will be accepted,
the errors are normality distributed, and it shows a bell-shaped histogram.
Nevertheless, it rejects the null hypothesis if the probability value is lower than 5 per
cent; the errors are not normally distributed, then a dummy variable will be added to
improve the opportunity for the errors normality (Brooks, 2014i). Furthermore, it
should consider the value of and Kurtosis and Skewness, which the Kurtosis value has
to close to three and Skewness value suggested to close to zero.

3.7.2. Heteroscedasticity Assumption
To move away from the difficulty of the heteroscedasticity of the disturbance term,
weighted Generalized Least Square (GLS) was used in establishing the relationship
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(Ongore & Kusa, 2013). By assessing whether the classical linear regression model
(CLRM) has the constant of the variance of the errors. If the model can no longer go
along with the blue line, the standard errors would be incorrect, and any inference will
make the model misleading (Brooks, 2014j).
H0: homoscedasticity
H1: heteroscedasticity
It accepts the null hypothesis when the probability value is greater than 5 per cent. The
variance of the disturbance term is homoscedasticity. On the other hand, it rejects the
null hypothesis if the probability value is less than 5 per cent, implying the variance of
the disturbance term is heteroscedasticity.

3.7.3. Serial Correlation Assumption (Breusch Godfrey Test)
The linear regression model assumes that the residuals are not correlated with each
other and there is no pattern in the error terms. Nevertheless, a serial correlation can
exist when the error terms are repeated over time, thus, making the coefficient to be
biased. Thus, the model requires the testing of a serial correlation and if it is found,
there is no need to mitigate this error.
H0: no serial correlation
H1: serial correlation
It will accept the null hypothesis if the probability value is greater than 5 per cent,
which means there is no serial correlation in residual. On the other hand, it will reject
the null hypothesis, if it is less than 5 per cent, meaning that the residuals have a serial
correlation. Following the investigation of the Heteroscedasticity Assumption and
Serial Correlation Assumption, the correction may be applied relying on the outcome,
which is illustrated below;
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Table 16: The Correction of Homoscedasticity and Serial Correlation

Scenario
1
2
3
4

Homoscedasticity
√
X
√
X

No Serial Correlation
√
√
X
X

Correction
White Correction
Newey-West Correction
Newey-West Correction

3.8. Stability Diagnosis
3.8.1. Correct Functional Form Assumption (Ramsey’s RESET test)
Ramsey (1969) presented the RESET test as an example of a variable additional test.
It is a generic test of functional form for misspecification in order to appraise both
inappropriate functional forms and dropped variables. The RESET evaluates the
critical values of the F-distribution (Shukur & Mantalos, 1997).
H0: linearity
H1: non-linearity
If the P-value is greater than 5 per cent, the null hypothesis is accepted, showing the
linearity of the functional form. If the P-value is lower than 5 per cent, the null
hypothesis is not accepted; the non-linearity of functional form and no fitted Ordinary
Least Squares.

3.8.2. Cumulative Sum (CUSUM) of Squares Test
The CUSUM of Squares Test is based on recursive residuals, which helps to test the
breakpoint in the model or check whether the blue line touches the boundaries of dotted
red line (Ajisafe, 2016). If the blue line breaks through the red line, the breakdown of
the structure may require to test again using the Chow Test.

56

3.8.3. Chow Test
The CHOW Test is used to test the equality of sets of coefficients or to find breakpoints
and regression estimates over time, and then into two sub-periods. If the
heteroscedasticity of error terms is significant between separate sample regimes, for
example, during the pre-war and post-war periods, the significance level will be
impacted to some considerable degree (Toyoda, 1974).
H0: no structural break
H1: structural break
If the P-value is greater than 5 per cent, it will accept the null hypothesis, and there is
no appearance of a structure break. If the probability value is less than 5 per cent, the
null hypothesis is unaccepted and a structure break exists.

3.9. Forecast Model
As the decision making often involves long-term resource commitment, it therefore,
needs the precise forecasting model. The forecasting models were done by EViews
software, which is used to assess the accuracy of the model. Moreover, there are two
methods for forecasting; Dynamic forecast is “the multi-step ahead forecasts” which
starts the forecast from the first period in the forecast sample, whereas, Static forecast
is “the sequence of single-step-ahead forecasts”. However, this research can apply only
Static forecasts. However, the EViews can appraise the accuracy of the forecast by
determining the number of Mean Absolute Percent Error (MAPE), Mean Absolute
Error (MAE), Root Mean Squared Error (RMSE), Theil inequality coefficient (TIC),
Covariance Proportion, Variance Proportion and Bias Proportion. In addition, the
value of MSE, MAE, MAPE, Bias Proportion and Variance Proportion are better to
proximity to zero, which implies the forecast is very accurate. Also, if the value of TIC
is much lower than one means the better performance.
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4. RESEARCH FINDINGS/ RESULTS
The model will assess all internal and external variables related to Bangkok Port’s
revenue that includes nine internal variables; Berth Occupancy, Berthing Time,
Bangkok Port’s Container Export, Bangkok Port’s Container Import, Bangkok Port’s
Total Conventional Cargo, Crane Productivity, Number of TEUs in warehouse,
Number of vessel calls, and Working Time. Moreover, eight external variables are the
Exchange Rate, Interest Rate, Land and Property Trading, Steel Price Index, Number
of Tourists, Thailand Export Value, Thailand Import Value, and Thailand Import
Value from China. All of the variables are transformed into a logarithm before analysis
to reduce the variation of the data. In this study, the Eviews 10.0 software is used to
calculate quantitative calculations.

4.1. Scatter Plot
A scatter plot displays the relationship between two variables between Bangkok Port’s
revenue (Y) and internal and external variables (Xn) which can be a positive or negative
correlation. The result shows that the Berth Occupancy, Berthing Time, Bangkok
Port’s Container Export, Bangkok Port’s Container Import, Crane Productivity,
Number of TEUs in warehouse, Number of vessel calls, and Working Time, Exchange
Rate, Interest Rate, Land and Property Trading, Number of Tourists, Thailand Export
Value, Thailand Import Value, and Thailand Import Value from China have positive
relationship with Bangkok Port’ revenue while Bangkok Port’s Total Conventional
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and Cargo Steel Price Index have negative relationship with Bangkok Port’ revenue.
See all details in Appendix A.

4.2. Data Unit Root Test
Table 17: Stationary Test

Variables
Bangkok
Port's Revenue
Berth
Occupancy
Berthing Time
Bangkok Port's
Container
Export
Bangkok Port's
Container
Import
Bangkok
Port's total
conventional
Crane
Productivity

Analysis
by
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic

ADF
Level
1st
Diff
-9.10
(0.00)
-1.50 -13.51
(0.53) (0.00)
-0.70 -10.34
(0.84) (0.00)
-3.27

PP
Level
-9.41
(0.00)
-5.50
(0.00)
-0.64
(0.86)
-5.44

1st
Diff

-10.34
(0.00)

KPSS
Level
1st
Diff
0.86
0.03
(0.46) (0.46)
0.68
0.07
(0.46) (0.46)
0.63
0.19
(0.46) (0.46)
0.12

Prob.*

0.02

(0.00)

(0.46)

t-Statistic

-6.70

-7.10

0.48

0.05

Prob.*

(0.00)

(0.00)

(0.46)

(0.46)

t-Statistic

-3.13

-7.43

0.78

0.33

Prob.*

(0.03)

(0.00)

(0.46)

(0.46)

-3.04
(0.04)
-1.64
(0.46)
-2.38
(0.15)
-2.50
0.12
-7.59

-4.27
(0.00)
-1.33
(0.62)
-2.30
(0.17)
-8.60
(0.00)
-8.02

0.40
(0.46)
0.87
(0.46)
0.39
(0.46)
0.91
(0.46)
0.40

t-Statistic
Prob.*
t-Statistic
Exchange Rate
Prob.*
t-Statistic
Interest Rate
Prob.*
t-Statistic
Land and
Property Trading Prob.*
Number of
t-Statistic
TEUs in
Bangkok Port's
Prob.*
Warehouse
t-Statistic
Number of
Tourists
Prob.*
t-Statistic
Number of
Vessel Call
Prob.*
t-Statistic
Steel Price
Index
Prob.*

-8.12
(0.00)
-18.68
(0.00)

(0.00)

-6.08
(0.00)
-8.41
(0.00)

(0.00)

-1.00
(0.75)
-5.43
(0.00)
-1.33

-3.32
(0.02)

(0.61)

0.04
(0.46)

-14.78
(0.00)

-7.63
(0.00)

(0.52)

stationary in
level
stationary in
1st different
stationary in
1st different
stationary in
level
stationary in
level
stationary in
level
stationary in
level
stationary in
1st different
stationary in
1st different
stationary in
1st different
stationary in
level

(0.46)

-1.31
(0.62)
-5.55
(0.00)
-1.52
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0.18
(0.46)

Remark

0.28
(0.46)

-5.74

1.17
(0.46)
0.36
(0.46)
0.77

(0.00)

(0.46)

(0.46)

0.14

stationary in
1st different
stationary in
level
stationary in
1st different

Variables
Thailand
Export Value
Thailand
Import Value
Thailand
Import Value
from China
Working Time

ADF
Level
1st
Diff
-2.57
-7.65
(0.10) (0.00)
-2.42 -11.75
(0.14) (0.00)
-2.17 -19.33

-5.50
(0.00)
-5.07
(0.00)
-2.66

-26.13

KPSS
Level
1st
Diff
1.20
0.06
(0.46) (0.46)
0.36
(0.46)
1.21
0.37

Prob.*

(0.22)

(0.00)

(0.09)

(0.00)

(0.46)

(0.46)

stationary in
1st different

t-Statistic
Prob.*

-1.66
(0.45)

-9.40
(0.00)

-2.60
(0.10)

-12.31
(0.00)

0.69
(0.46)

0.11
(0.46)

stationary in
1st different

Analysis
by
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic

PP
Level

1st
Diff

Remark
stationary in
1st different
stationary in
level

The ADF and PP; if the probability value (P-value) is less than 5 per cent meaning that
the variable is stationary, whereas with the KPSS, the t-Statistic should be less than
the critical value (0.46) meaning that the variable becomes stationary. Remarkably, if
the result of ADF and PP are different, it will consider the result of KPSS because it is
more robust. The findings show almost all variables (eight variables) are stationary in
level, namely Bangkok Port’s Container Export, Bangkok Port’s Container Import,
Bangkok Port’s Conventional Cargo, Crane Productivity, Number of TEUs in
Bangkok Port’s warehouse, Number of vessel calls, and Thailand Import Value. While
the Berth Occupancy, Berthing Time, Exchange Rate, Interest Rate, Land and Property
Trading, Number of Tourists, Steel Price Index, Thailand Export Value, Thailand
Import Value from China and Working time are stationary in the first different. Those
variables which are stationary in the first different are converted to the first difference
form before use in the equation regression.
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4.3. Multicollinearity (Correlation) Table
Table 18: The Correlation Table

Variables

Bangkok
Port's
Revunue

Bangkok Port's Revunue
Bangkok Port's total conventional
Bangkok Port's Container Import
Bangkok Port's Container Export
Number of vessel call
Berth Occupancy
Berthing Time
Working Time
Crane Productivity
Number of TEUs in Bangkok Port's warehouse
Thailand import value
Thailand export value
Thailand import value from China
Land and property trading
Steel price index
Exchange rate
Interest rate
Number of tourists

1.00
-0.07
0.34
0.32
0.28
-0.11
-0.02
0.05
0.12
0.07
0.27
0.07
0.14
0.22
-0.07
0.20
-0.09
-0.09

Bangkok
Port's total
convention
al
1.00
0.20
0.04
0.35
-0.07
-0.10
-0.07
-0.15
0.45
0.03
0.13
0.28
-0.05
-0.14
0.20
0.13
-0.03

Bangkok
Port's
Container
Import

1.00
0.51
0.58
0.12
0.00
0.17
0.25
0.70
0.28
-0.07
0.35
-0.09
-0.07
0.06
-0.08
0.17

Bangkok
Port's
Container
Export

1.00
0.10
-0.01
0.06
0.08
0.31
0.41
-0.13
0.22
0.04
0.27
-0.07
0.03
-0.03
0.02

Number of
vessel call

1.00
0.09
-0.06
0.06
-0.14
0.38
0.57
0.00
0.16
-0.03
-0.21
0.32
-0.11
0.07

Berth
Occupancy

1.00
0.11
0.22
0.15
0.14
0.08
-0.14
0.05
-0.08
-0.04
0.11
-0.01
0.25

Berthing
Time

1.00
0.46
0.02
-0.05
0.02
-0.05
-0.02
-0.03
-0.06
0.08
-0.05
-0.02

Working
Time

1.00
-0.03
0.11
0.13
-0.06
-0.03
0.10
-0.13
-0.04
0.09
0.15

Crane
Productivity

1.00
0.09
-0.12
0.03
0.07
-0.06
0.08
-0.18
0.08
-0.10

Number of
TEUs in
Bangkok
Port's
warehouse

1.00
0.00
-0.02
0.41
-0.07
-0.02
0.09
0.11
0.12

Thailand
import
value

1.00
0.05
0.29
0.08
-0.14
0.09
-0.12
0.09

Thailand
export
value

1.00
0.14
0.49
-0.05
0.03
-0.14
-0.11

Thailand
import
value from
China

1.00
0.04
-0.02
0.08
-0.06
0.02

Land and
property
trading

1.00
-0.19
-0.03
-0.23
0.06

Steel price
index

1.00
-0.10
0.17
-0.21

Exchange
rate

1.00
-0.06
0.05

Interest
rate

1.00
0.10

Number of
tourists

1.00

After processing the multicollinearity test in Microsoft Excel, figure 5 shows the correlation between Bangkok Port’s revenue and
variables. There is no pair of correlation variables that considers a value greater than 0.8. Therefore, it has no need to drop any
variables.
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4.4. T-Test
In this study, we consider the significant level of 5 per cent means the probability of
value less than 0.05 is a significant variable.
Table 19: Ordinary Least Squares (OLS)

Variable

Coefficient

Std.
Error

t-Statistic

Prob.

C

12.0070

5.0562

2.3747

0.0201

Berth Occupancy

-0.2444

0.1967

-1.2426

0.2178

Berthing Time

-0.1912

0.2858

-0.6690

0.5055

Bangkok Port's Container Export

0.1827

0.1245

1.4675

0.1463

Bangkok Port's Container Import

0.3919

0.2072

1.8915

0.0623

-0.0854

0.0788

-1.0846

0.2815

Crane Productivity

0.3473

0.8095

0.4290

0.6691

Exchange Rate

2.3437

0.9991

2.3459

0.0216

Interest Rate

0.7622

0.9814

0.7767

0.4397

Land and Property Trading

0.0858

0.0442

1.9399

0.0561

-0.2747

0.1665

-1.6499

0.1030

-0.1694

0.1050

-1.6138

0.1107

0.0605

0.1913

0.3161

0.7528

Steel Price Index

-0.1287

0.4918

-0.2617

0.7942

Thailand Export Value

-0.1366

0.1474

-0.9270

0.3568

Thailand Import Value

0.1359

0.1558

0.8724

0.3857

Thailand Import Value from China

0.0927

0.1103

0.8403

0.4033

Working Time

0.0367

0.1291

0.2845

0.7768

Bangkok Port's Total Conventional

Number of TEUs in Bangkok Port's
Warehouse
Number of Tourists
Number of Vessel Call

R-squared

0.365851

Mean dependent var

20.04125

Adjusted R-squared

0.225844

S.D. dependent var

0.124107

S.E. of regression

0.109197

Akaike info criterion

-1.422449

Sum squared resid

0.918149

Schwarz criterion

-0.938556

Log likelihood

85.56631

Hannan-Quinn criter

-1.22692

F-statistic

2.61309

Durbin-Watson stat

2.387305

Prob(F-statistic)

0.002239
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Firstly, table 19 illustrates the Exchange Rate is only one variable which is significant
at 5 per cent and the remaining variables are insignificant at 5 per cent. Then, the
insignificant variables are dropped one by one starting from the highest probability
value. Thus, there are twelve insignificant variables that are omitted from the model
namely; Steel Price Index, Working Time, Number of Vessel Call, Crane Productivity,
Berthing Time, Interest Rate, Berth Occupancy, Bangkok Port's total conventional,
Bangkok Port's Container Export, Thailand import value, Thailand export value, and
the Thailand import value from China.
Table 20: Ordinary Least Squares: Significant Variables

Variable
C

Coefficient

Std. Error

t-Statistic

Prob.

16.1408

1.0084

16.0061

0.0000

Bangkok Port's Container Import

0.6262

0.1280

4.8909

0.0000

Exchange Rate

2.1031

0.8711

2.4144

0.0178

Land and Property Trading

0.0986

0.0332

2.9754

0.0038

-0.3474

0.1279

-2.7155

0.0079

-0.1827

0.0914

-1.9997

0.0486

Number of TEUs in Bangkok Port's
Warehouse
Number of Tourists
R-squared

0.300982

Mean dependent var

20.04125

Adjusted R-squared

0.261711

S.D. dependent var

0.124107

S.E. of regression

0.106638

Akaike info criterion

Sum squared resid

1.012069

Schwarz criterion

Log likelihood

80.94016

Hannan-Quinn criter.

F-statistic

7.664284

Durbin-Watson stat

Prob(F-statistic)

0.000005

-1.577687
-1.41639
-1.512511
2.506295

After the removal of all insignificant variables, the regression is re-run with five
significant variables, which the probability value is less than 5 per cent. The estimated
outcome of the model is shown in table 20. This includes Bangkok Port’s Container
Import, Exchange Rate, Land and Property Trading, Number of TEUs in Bangkok
Port’s Warehouse and Number of Tourists. Furthermore, the value of R-squared is 30
per cent. This implies that 30 per cent of the fluctuation of Bangkok Port’s Revenue is
explained by independent variables of Bangkok Port’s Container Import, Exchange
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Rate, Land and Property Trading, Number of TEUs in Bangkok Port’s Warehouse and
Number of Tourists. Moreover, it shows that the Adjusted R-squared increases from
0.225844 to 0.261711 meaning that it is an accurate model performance.
4.3 Cointegration Test
The Cointegration Test, by considering the probability value is more than 5 per cent
meaning no cointegration or no long-run equilibrium. Therefore, the Cointegration test
is used to examine the long-run relationship among the variables with Bangkok Port’s
revenue. This study considers an ADF in level, the result (Table 21) showing that all
pairs of variables have cointegrating regression residuals. Moreover, they are highly
significant meaning that there is a positive response in volatility of Bangkok Port’s
Container Import, Exchange Rate, Land and Property Trading, Number of TEUs in
Bangkok Port’s Warehouse and Number of Tourists because there is a shock in return.
If KPSS approach was applied, the pair of variables that show stationary in level are
Bangkok Port’s revenue and Exchange rate and Bangkok Port’s revenue and Number
of Tourists has cointegration, meaning that the trends of those pair variables will move
together over time or in a relationship in the long-run even if a crisis occurs (Brooks,
2014k).
Table 21: Cointegration Table

No.

Paired variables

1

BKP's Revenue and BKP's Container
Import

2

BKP's Revenue and Exchange Rate

3

BKP's Revenue and Land and
Property Trading

4

BKP's Revenue and Number of TEUs
in BKP's Warehouse

5

BKP's Revenue and Number of
Tourists

By
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic
Prob.*
t-Statistic
Prob.*
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ADF
Level
-10.7491
0.0000
-9.6126
0.0000
-9.2002
0.0000
-3.6872
0.0058
-10.0546
0.0000

PP
Level
-10.6992
0.0000
-9.6745
0.0000
-9.2866
0.0000
-9.4751
0.0000
-10.0502
0.0000

KPSS
Level
0.7218
0.4630
0.4409
0.4630
0.4687
0.4630
0.9228
0.4630
0.2532
0.4630

Thus, the Error Correction Term (ECT) of Bangkok Port’s revenue vs Exchange rate
and Bangkok Port’s revenue vs Number of Tourists will be added on the regression
model. This makes Adjusted the R-squared and R-squared increase to 97 per cent.
Moreover, the Akaike info criterion is a statistical modeling measure for a given
dataset or precision of prediction. The best model is the model with the lowest Akaike
info criterion value (Kimura & Waki, 2018). This mean the model with ECT added
(Table 22) is better than the model without ECT added (Table 22).
Table 22: The Estimated Equation with Error Correction Term (ECT) added

Variable
C

Coefficient

Std. Error

t-Statistic

Prob.

19.3617

0.2081

93.0604

0.0000

Bangkok Port's Container Import

0.2295

0.0286

8.0387

0.0000

Exchange Rate

0.2694

0.1719

1.5673

0.1207

Land and Property Trading

0.0045

0.0067

0.6696

0.5049

-0.2123

0.0271

-7.8418

0.0000

Number of Tourists

0.0175

0.0188

0.9331

0.3534

ECT_EXCHANGE

0.4721

0.0816

5.7873

0.0000

ECT_TOURISTS

0.5016

0.0818

6.1315

0.0000

Number of TEUs in Bangkok Port's
Warehouse

R-squared

0.974776

Mean dependent var

20.04125

Adjusted R-squared

0.972746

S.D. dependent var

0.124107

S.E. of regression

0.020489

Akaike info criterion

-4.857453

Sum squared resid

0.036521

Schwarz criterion

-4.642389

238.729

Hannan-Quinn criter

-4.770551

F-statistic

480.2943

Durbin-Watson stat

0.619142

Prob(F-statistic)

0.000000

Log likelihood

However, adding the error term makes the significant variables become the
insignificant variables; Exchange rate, Land and property trading and Number of
tourists, which are external factors. In addition, the Adjusted R-squared and R-squared
at 97 per cent is too high. A high R-squared means that “the regression coefficients
represent the noise rather than the genuine relationships in the population” or the
statistician called “overfitting model” which has the ability to decrease for accurate
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predictions (Jim, 2017). Therefore, for this study we decided not to add the error term
in the model result to Adjusted R-squared dropped to 26 per cent and R-squared
dropped to 30 per cent, which is acceptable.

4.5. Autoregressive Process (AR) and Moving Average Process (MA)
The ARMA test illustrates ARMA (1-5) are insignificant then drop one by one from five
to one. The result shows no ARMA appears in this model.
Table 23: The Autoregressive Process (AR) and Moving Average Process (MA) Model

Variable
C
Bangkok Port's Container Import
Exchange Rate
Land and Property Trading
Number of TEUs in Bangkok Port's
warehouse
Number of Tourists
AR(1)
AR(2)
AR(3)
AR(4)
AR(5)
MA(1)
MA(2)
MA(3)
MA(4)
MA(5)
SIGMASQ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient
16.0669
0.6401
1.9942
0.0470

Std. Error
0.9014
0.0944
0.7148
0.0410

t-Statistic
17.8236
6.7780
2.7898
1.1471

Prob.
0.0000
0.0000
0.0066
0.2549

-0.3564

0.0913

-3.9040

0.0002

0.0531
-4.5879
0.2053
0.0328
0.1837
1.8031
0.1399
2.6262
0.1394
-4.5090
0.1923
-0.8710
15.5675
-0.0158
52.9287
-0.0048
19.8036
-0.0021
310.1042
0.0025
210.3289
-0.0020
0.0784
0.0926
Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.0000
0.9739
0.0752
0.0104
0.0000
0.3864
0.9874
0.9962
0.9983
0.9980
0.9984
0.9264
20.04125
0.124107
-1.665866
-1.208857
-1.4812
1.972819

-0.2436
0.0067
0.3312
0.3674
-0.6287
-0.1675
-0.2460
-0.2545
-0.0425
0.7704
-0.4253
0.0073
0.523188
0.425381
0.094078
0.690349
96.12864
5.349162
0.0000
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4.6. Residual Diagnosis
4.6.1. Jarque Bera
The Jarque Bera (Figure 9) shows that the probability value (0.887431) is higher than
5 per cent. Thus, we accept the null hypothesis meaning the residual model is a normal
distribution. Moreover, the Kurtosis result is 2.847537, which is close to three and
Skewness value is -0.096301, which is less than zero implying a negatively skewed
distribution. As a result, there is no reason to add a dummy variable into this model
(Brooks, 2014l).

Figure 9: Jarque Bera Normality Test

4.6.2. Heteroscedasticity Assumption
The heteroscedasticity testing by applying the White Test (Table 24) which shows the
probability value (0.4553) is more than 5 per cent; the null hypothesis is accepted
meaning the residual is Homoscedasticity.
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Table 24: White Correction

Heteroscedasticity Test: White
F-statistic

1.0158

Prob. F(20,74)

0.4553

Obs*R-squared

20.4631

Prob. Chi-Square(20)

0.4293

Scaled explained SS

16.5908

Prob. Chi-Square(20)

0.6794

4.6.3. Serial Correlation Assumption (Breusch Godfrey Test)
The Breusch Godfrey test shows the probability value is 0.0390, which is less than 5
per cent; the null hypothesis is rejected meaning that the residual is serial correlated.
Table 25: Serial Correlation Test: Breusch-Godfrey

Breusch-Godfrey Serial Correlation LM Test:
F-statistic

3.3692

Prob. F(2,87)

0.0390

Obs*R-squared

6.8292

Prob. Chi-Square(2)

0.0329

After examining the assumptions of the Serial Correlation Assumption (Breusch
Godfrey test) and Heteroscedasticity Assumption, the result shows there is a serial
correlation and Homoscedasticity. This means that it is necessary to test the NeweyWest test. As the Newey-West correction, table 26, shows all the variables are still
significant. However, the Number of Tourists is significant at 10 per cent. As this study
concerns a significant level of 5 per cent. Thus, the Number of Tourists are dropped
from the model, then the result will show on table 27 as all the variables are significant.
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Table 26: Newey-West Correction

Variable
C
Bangkok Port's Container Import

Coefficient
16.1408
0.6262

Std. Error
0.8017
0.0948

t-Statistic
20.1325
6.6075

Prob.
0.0000
0.0000

Exchange Rate

2.1031

0.7308

2.8777

0.0050

Land and Property Trading

0.0986

0.0436

2.2609

0.0262

-0.3474

0.1217

-2.8558

0.0053

-0.1827

0.1067

-1.7119

0.0904

Number of TEUs in Bangkok Port's
warehouse
Number of Tourists
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)
Prob(Wald F-statistic)

0.300982
0.261711
0.106638
1.012069
80.94016
7.664284
0.000005
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
Wald F-statistic

20.04125
0.124107
-1.577687
-1.41639
-1.512511
2.506295
14.54728

Table 27: Newey-West Correction after dropped the Number of Tourists Variable

Variable
C
Bangkok Port's Container Import
Exchange Rate
Land and Property Trading
Number of TEUs in Bangkok Port's
Warehouse
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)
Prob(Wald F-statistic)

Coefficient
16.4836
0.5931
2.0340
0.0935
-0.3446
0.269573
0.23711
0.1084
1.057543
78.85244
8.303913
0.00001
0.0000
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Std. Error
0.7875
0.0894
0.7484
0.0434
0.1187

t-Statistic
20.9323
6.6322
2.7177
2.1570
-2.9033

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
Wald F-statistic

Prob.
0.0000
0.0000
0.0079
0.0337
0.0046
20.04125
0.124107
-1.554788
-1.420374
-1.500475
2.427079
16.57367

4.7. Stability Diagnosis
4.7.1. Ramsey’s RESET Test
To detect the non-linear from, the Ramsey’s RESET test is applied. The result shows
as table 28, the probability value of F-statistic (0.7732) is greater than 5 per cent,
meaning the null hypothesis is not rejected. This means there is a linear functional
form in regression.
Table 28: Ramsey’s RESET Test

Ramsey RESET Test
Statistic

Value

Degree of Freedom

Probability

t-statistic

0.28908

89.0000

0.7732

F-statistic

0.08357

(1, 89)

0.7732

Likelihood ratio

0.08916

1

0.7652

4.7.2. CUSUM Test
The CUSUM test shows that the blue line of the model remains inside the red lines
through the sample period. This means there is no breakpoint in the model. According
to Brooks, if there is a structural break it may lead to inaccuracy of the forecasting.
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Figure 10: CUSUM Test

4.7.3. Chow Test
The Chow Test is used to detect the breakeven variables. The breakpoints were a test
from August 2010 to July 2017; the result (Table 29) shows there is no structural break
since the blue lines are untouched the red line throughout the sample period, although,
the graph of Bangkok Port’s revenue (Figure 11) analysis shows some dropped and
lifted points. However, it maybe not be important enough to create a breakpoint. Even
Thailand had disaster crisis (the floods) in 2011, but it not significantly effects to the
revenue of Bangkok Port.
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Figure 11: The Trend of Bangkok Port’s Revenue
Table 29: The Example of Chow Breakpoint Test

Chow Breakpoint Test: 2010M08
Null Hypothesis: No breaks at specified breakpoints
F-statistic

1.76946

Prob. F(5,85)

0.1278

Log likelihood ratio

9.40669

Prob. Chi-Square(5)

0.0939

Chow Breakpoint Test: 2017M07
Null Hypothesis: No breaks at specified breakpoints
F-statistic

0.62780

Prob. F(5,85)

0.679

Log likelihood ratio

3.44508

Prob. Chi-Square(5)

0.6317

4.8. Forecast Model
The sample is considered into two parts to the forecast; the sample forecast period was
during January 2010- February 2017, and the out of sample forecast period was during
March - December 2017, which should be 10 per cent of the total samples. As there
are two forecasting methods (Dynamic forecast and Static forecast), both can forecast
the value of the disturbance only when the equation has an ARMA (University of
Washington, 2018). However, there is no ARMA in our equation meaning that only
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the Static Forecast is able to be calculated. Therefore, figure 12, the static forecast
display the forecast revenue is fluctuation during March to June, quite steady and
slightly increase during July to November and then the revenue dramatically increases
in December.
20.5

Forecast: Bangkok Port_S_REVUF
Actual: Bangkok Port_S_REVUNUE
Forecast sample: 2017M03 2017M12
Included observations: 10
Root Mean Squared Error 0.075603
Mean Absolute Error
0.070211
Mean Abs. Percent Error
0.349350
Theil Inequality Coefficient 0.001881
Bias Proportion
0.000864
Variance Proportion
0.019224
Covariance Proportion
0.979913
Theil U2 Coefficient
0.719949
Symmetric MAPE
0.349332

20.4
20.3
20.2
20.1
20.0
19.9
19.8
19.7
M3

M4

M5

M6

M7

M8

M9

M10

M11

M12

2017
Bangkok Port_S_REVUF

± 2 S.E.

Figure 12: The Static Forecast of Bangkok Port's Revenue

The Root mean squared error (RMSE) is good to identify the performance of the model
with the Gaussian error distribution while the Mean Absolute Error (MAE) would be
a better model for that purpose. (Chai & Draxler, 2014). The Mean absolute percentage
error (MAPE) is a measure of forecasting accuracy which are partially depend on the
loss function (Arnaud De Myttenaere et, al., 2015). These three models are measured
by the small amount of their value, which is the most accurate model. Thus, the result
of RMSE (0.075603), MAE (0.070211), MAPE (0.349350) are closer in value to zero
implying that this model is quite accurate or acceptable.
Moreover, the Theil’s Inequality Coefficient, is a statistical forecasting evaluator to
indicate the accuracy of the model (Bliemel, 1973). In other words, it is used to
measure how prefect the forecasted value is closer to the actual value. The value can
range from zero to one. The value is equal to zero implying that the forecast is a perfect
fit with actual value while if the value is equal to one, it implies there is a totally
mismatch with actual value or the performance is bad (Ravi et al., 2017). In this study,
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the Theil’s Inequality Coefficient (0.001881) is closer to zero, meaning the forecast of
Bangkok Port’s revenue is proximity to actual Bangkok Port’s revenue. In addition,
the Variance Proportion is at 0.019224 or 0.01 per cent of the total forecast error
implying the variability of forecasts deviate from the variability of the actual data at
0.01 per cent. The Bias Proportion at 0.000864 or 0.00 per cent indicates there is no
inaccuracies in the forecasting of the systematical variances. In addition, the
Covariance Proportion is used to measure the unsystematic errors (Klose et al., 2004).
In the study, it remains at 0.979913 or 97 per cent, which is a non-systematic forecast
error.
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Bangkok Port's Revenue
Bangkok Port_S_REVENUEFORECAST

Figure 13: The Actual Bangkok Port’s Revenue and Static Forecast

As shown in the graph (Figure 13), the blue line is the actual Bangkok Port’s revenue.
The Static Forecast Model (Red line) moves closer along with the blue line in the
beginning and not closely to the blue line in the half of ending. Nevertheless, the
forecast still going up on that period by smaller portion, so, they still move in the same
pattern with the actual revenue meaning the overall forecast model capabilities are
satisfactory.
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5. DISCUSSION AND CONCLUSION
5.1. Discussion
Econometrics model is identified to capture the linear effects on the factors. This study
presents the results of the linear regression model for Bangkok Port’s revenue using
explanatory variables to determine the influencing factors by using monthly data from
2010-2017. Regarding, the research applies seventeen variables to the regression
model to find out the significant variable that will affect the port revenue. Then, the
authors will discuss the empirical finding of four significant variables namely Bangkok
Port's Container Import, Exchange Rate, Land and Property Trading and Number of
TEUs in Bangkok Port's warehouse and the result of thirteen insignificant variables
namely the Steel Price Index, Working Time, Number of Vessel Call, Crane
Productivity, Berthing Time, Interest Rate, Berth Occupancy, Bangkok Port's total
conventional, Bangkok Port's Container Export, Thailand Import Value, Thailand
Export Value, Thailand Import Value from China and Number of Tourists. Then,
forecasting of Bangkok Port’s revenue from March to December 2017 will be
discussed by compare with the actual revenue.
The empirical finding displays the result of regression model with four variables that
effect the model of Bangkok Port’s Revenue as the formula follows:
Model: 𝑌𝑡 = 𝛽1 + 𝛽2 𝑋2𝑡 + 𝛽3 𝑋3𝑡 + 𝛽4 𝑋4𝑡
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𝑌𝑡 = 16.48359 + 0.593051 𝑋1 + 2.034023 𝑋2 + 0.093532 𝑋3 − 0.344604𝑋4
Where,

Y = Bangkok Port’s Revenue
X1 = Bangkok Port’s Container Import
X2 = Exchange Rate
X3 = Land and Property Trading
X4 = Number of TEUs in Bangkok Port’s Warehouse

From table 30, the model indicates that Bangkok Port’s Container Import, the
Exchange Rate, and the Land and Property Trading have positive relationships with
Bangkok Port’s Revenue. The Number of TEUs in Bangkok Port’s Warehouse is a
negative relationship with Bangkok Port’s Revenue. Additionally, the model has a
result of R-square at 0.27 showing that the data fits on a regression line by 27 per cent.
The Adjusted R-squares are at 0.24, meaning the accurate measure of model fits at 24
per cent. The Standard Error (S.E.) is at 0.11 showing the deviation between the sample
mean and the actual mean of a population is 11 per cent. The Sum Squared Residual
of the model is at 1.06 which suggests the regression model has some disturbance.
Table 30: The resulting of Regression Model

Variable
C
Bangkok Port's Container Import
Exchange Rate
Land and Property Trading
Number of TEUs in Bangkok Port's
Warehouse
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)
Prob(Wald F-statistic)

Coefficient

Std. Error

16.48359
0.593051
2.034023
0.093532
-0.344604

0.787471
0.089419
0.748426
0.043362
0.118692

0.269573
0.237110
0.108400
1.057543
78.85244
8.303913
0.000010
0.000000
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t-Statistic
20.93230
6.632245
2.717733
2.156989
-2.903349

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
Wald F-statistic

Prob.
0.0000
0.0000
0.0079
0.0337
0.0046
20.04125
0.124107
-1.554788
-1.420374
-1.500475
2.427079
16.57367

5.1.1. Significant Factors
This research divides the significant variables into internal significant variables and
external significant variables which follow;
5.1.1.1. Internal Significant Variables
The variables that a port can manage and control the operation in order to give an
efficient service and increase the revenue.
Bangkok Port’s Container Import
As a major Bangkok Port’s revenue is from import container accounting for 58 per
cent of total container revenue (Port Authority of Thailand, 2017). The study shows
that Bangkok Port’s Container Import variable has a positive effect on Bangkok Port’s
Revenue. The correlation coefficient is 0.593051 (Table 30) if Bangkok Port’s
Container Import increases by 1 unit, which leads to an increase of Bangkok Port’s
Revenue by 59.31 per cent. Moreover, it shows the highest coefficient among internal
variables. Regarding, the coefficient indicates how the data fits the line. The high
correlation coefficient is the better prediction because it reduces the potential errors
(Taylor,1990). In comparison, the correlation of Bangkok Port’s Container Import and
Bangkok Port’s Revenue (0.593051), which is higher than the correlation coefficient
of the Number of TEUs in Bangkok Port’s Warehouse and Bangkok Port’s Revenue
(0.344604). This can imply that the relationship between Bangkok Port’s Container
Import and Bangkok Port’s Revenue is stronger relationship than the relationship
between the Number of TEUs in Bangkok Port’s Warehouse and Bangkok Port’s
Revenue.
Due to the port development projects are the mutual exclusive projects, the port should
consider or invest in the development of the Import Container Terminals as its first
priority rather than Conventional Terminals (an insignificant variable) in order to
generate a larger proportion of revenue.
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Figure 14: The Layout of Bangkok Port Container Terminal

Container import terminals are a vital element of supply chains regarding to be the
connectivity between sea and the hinterland transportation modes. Further, truck
arrivals also play an important role in avoiding of bottlenecks and the smooth
integration of container terminals in the supply chain to the yards, warehouses, or
directly go to the customer firms (Alderton & Saieva, 2013). Unfortunately, when
figure out the total supply chain of yards and warehouses, Bangkok Port has the limited
space of the Container Marshalling Yard which is 98,600 square metres in Container
Terminal 1 and 49,000 square metres in Container Terminal 2. The space location and
warehouses are also limited. Thus, in the future, Bangkok Port may face the difficulty
for servicing the increasing of the number of container import. The development of
import area or port expansion is need to be taken into account as well as reallocate the
improper layout of Bangkok Port (Figure 14) since the inefficient layout can lead to
unproductive and costly of boxes movement. Then, Bangkok Port should emphasis on,
firstly, the layout planning of the storage yards which classified by the transfer options
and the stacking equipment used; yard layouts with direct transfer, yard layouts with
transfer points, and yard layouts with transfer lanes. Secondly, optimise the block
positions in a terminal area as the thinner and longer blocks lead to a higher overall
performance of the yard than the wider and shorter blocks. Lastly, the yard should be
a rectangular shape. (Wiese, 2012). Mangan et al. (2008) gives the definition to portcentric logistics as “the provision of distribution and other value-adding logistics
services at a port”. Port-centric logistics is the process of unloading, storing and
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distributing cargo from the port itself. Rather than incurring additional costs to bring
containers to inland depots, a port centric solution means our customers can benefit
from reduced costs, a more efficient supply chain, reduced carbon footprint and costeffective logistics and distribution. Bangkok Port should consider on this Port-centric
logistics concept.
To continue the operation’s efficiency in short-term, due to the yard is a temporary
storage area for the containers incoming to the port, but Bangkok Port has no prioritise
the arrangement for stacking containers on storage. This causes the high number of
unproductive boxes movement, which waste the time and costly. Thus, Bangkok Port
should to make stacking decisions based on the most important factors such as size
and type of containers, the discharge date and month of the container, port of origin of
the vessel and the transported commodities (Kourounioti et al., 2016). The yard
plaining for reshuffling and pre marshalling of containers is an important short-term
plan to minimize the number of relocated containers. Therefore, Bangkok Port needs
to start to collect and analyse that required data to manage the stacking service
effectively and efficiently.
In addition, for the long-term plan, to fulfill a high international standard of the overall
services, Bangkok Port should consider about the hinterland connection to rail and
road systems and integrate the value-added services into it supply chain e.g. packaging,
truck village, warehouse, free trade zone and distriparks to establish of competitive
advantage (Song & Panayides, 2012). In practice, Gothenburg Port Authority is
improving services to facilitate the terminal operators by enhancing the hinterland
connection such rail and road connections to the port, purchasing and expanding more
land, also, concerning the environmental impact by offering incentives of 10 per cent
discount on port tariff to environment friendly ship, and a further 20 per cent discount
if the vessel is powered by Liquefied Natural Gas (LNG). “Port of Gothenburg also
will construct a new logistic park linked to the rail system which is one million square
metres that can reach from quayside to warehouse and logistics facilities in 10 minutes.
The entire park is planned to be completed by 2025. The logistic park is including 8-
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10 storage and distribution buildings and a high-rack warehouse (a ceiling height of
35 metres). This park also has truck driver service such as overnight accommodation,
dining facilities, a filling station and a truck stop with secure parking to satisfy all
customers’ need” (Gothenburg Port Authority, 2018).
Moreover, Bangkok Port should implement the Information Technology (IT) solutions
to facilitate all stakeholder and enhance the operation process. For instance, The
Maritime and Port Authority of Singapore (MPA) and PSA Singapore implemented
IT solution of PORTNET® and Computer Integrated Terminal Operations System
(CITOS®) as Port Community System (PSA, 2018), Port of Rotterdam implement
Smart Port. These systems help to facilitate the Port and its terminals, shipping
companies, shipping agents, and other service providers by using this system to
optimize planning, monitoring and executing the port call activities (Geerlings et al.,
2017). Consequently, as soon as the port know the estimated time of arrival, a vessel
will be booked the schedule into the system. The timeline will show a vessel’s
activities in port: from the Ship’s arrival, Anchor in, Anchor out, first line to pier,
Cargo handling start, Cargo handling finish, Last line let go, to Ship’s departure from
the port. The progress and status are continually adjusted in real time. Hence, for the
visibility and reliability dashboards, every party can easily filter the available data and
drill down into the timeline of an individual vessel. All parties can utilize and analyze
the information to develop strategic plans and monitor their activities better than
previous. Moreover, this system should fully integrate to all services of Pilotage, Truck
Services, Yard Storage and Gate Processing Service to eliminate the port congestion
then increase the overall customer satisfaction.
Meanwhile, HHLA Container Terminal Altenwerder (CTA), Hamburg Port, is the
automated port and the most advanced technology and innovative EDP system ensure
efficient discharging and loading of large container ships, especially”. IT systems is
developed by in-house as Terminal Operation System (TOS) that allows flexibility in
changing terminal layout and planning. The systems connected automate quay cranes
with the automated yard that is linked with the gate operations. Furthermore, this
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system can link external trucks and ship systems to terminal system which name of
“Data Communication System (DACOS)” (CTA, 2018).
Furthermore, the future technology of the blockchain tends to come to Thailand and
Bangkok Port as well. Blockchain has the potential to shift the world of security of
data movement, asset movements and asset transfer. The system of data-sharing
encourages to distribute and track the information, e-documents and transactions
among all stakeholders in real-time such the transfer process of digital letters of credit,
digital B/L, secure digital asset, smart contracts which will facilitate seaborne
operations, getting the better visibility of sales, liabilities and assets, and keep record
and investigate interactions of machine-to-machine. It helps to mitigate risks and
create new opportunities for all parties in the future trend (Britchenko et al., 2 0 1 7 ) .
Bangkok Port should consider and prepare the technology readiness for this event. The
authors suggest to arrange a business field trip to study the best practice at the Port of
Antwerp which uses the “Smart Port system” as the leader for the Internet of Things
(Port of Antwerp, 2017) and Port of Rotterdam that has also already launched
blockchain technology, which is known as Blocklab (Port of Rotterdam, 2017).
Number of TEUs in Bangkok Port’s Warehouse
The Number of TEUs in Bangkok Port’s Warehouse has a negative relationship with
Bangkok Port’s Revenue and the coefficient is -0.344604, which means the increase
in a unit of TEUs in Bangkok Port’s Warehouse leads to a decrease in Bangkok Port’s
Revenue by 34.46 per cent. Generally, Bangkok Port can create the revenue from
warehouse storage. Nevertheless, Bangkok Port can generate the revenue from box
movements rather than store in the warehouse. In this case, maybe there is a most of
containers store in the warehouse so it may obstruct the movement of containers
flowing in the port then it will lead to a decline in Bangkok Port’s revenue on lifting
of import and export containers. Additionally, Bangkok Port has a small and messy
warehouse with a poor container arrangement that makes double or triple lifting.
Therefore, in order to catch up with international practice from World Trade
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Organization (WTO) 2017, Bangkok Port should propose the project of innovating the
Container Freight Station (CFS), which is a leading part of the container business, it
has to realise and manage intelligent information. The good design of the storage and
the intelligent allocation of storage space can gain the better container movement rate
that lead to generate more revenue with higher level of customers' satisfaction and
sharpen the competitiveness in a favourable degree (Guiliang & Lina, 2009).
Furthermore, the warehouse location for storage and logistics services should be near
to the port and automotive cluster. Generally, in the warehouse, the layout for order
picking and the average travel distance for order picker, should be minimized (Li &
Zhu, 2013).
5.1.1.2. External Significant Variables
The variables that the port cannot control, but the port can predict, manage or prepare
for readiness to cope with that occurred situation.
Exchange Rate
In the case of Bangkok Port, it examines that the exchange Rate is strongest relatively
positive with Bangkok Port’s Revenue which has the highest coefficient of 2.034023
(table 30), meaning that when the exchange rate increase by 1 unit, Bangkok Port’s
revenue will increase 203 per cent.
The worldwide economic indicator that often used is an exchange rate to analyzes and
monitor country situation. It is used by policy makers, governments, think tanks, and
international organizations to gauge the heartbeat of the economy. When the domestic
currency is depreciated compare to other currencies, the country’s exports are more
inexpensive that make the export price become more competitiveness in the sense of
foreign countries, and the demand of the export products of this country will increase.
However, firms in the business of importing of raw materials and goods will rather be
confronted with high cost of imports due to the adverse movement in the local currency
against its foreign counterpart. Importers will now require additional local currency to
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purchase the same worth of imports. Consequently, the country’s imports rather more
expensive (Krugman, 1986).
Simply put, a local currency appreciation makes exports commodities expensive
whereas imports quite cheap. The currency appreciation will decline the foreign
demand of domestic commodities which resulting of the reduction on profit margin
(Krugman, 1986).
It is worth mentioning that the impact of exchange rate fluctuation on international
trade depends but not limited to:
The elasticity of demand and Time lag If the commodity price is elastic especially
in the long run, the greater the percentage in demand and vice versa. In short run, the
demand for exports and imports is inelastic and would ignite a less proportionate effect
(Dornbusch, 1976). Once the Thai Baht value is appreciated, resulting in increase in
import cargo on that period. Due to the import price of commodities would be cheaper.
Further, in the fact that the major imports of Bangkok Port are Iron and Steel and
chemical product respectively which the demand of these products are quite elasticity.
Since these products are raw material of manufacturing sector so if the price is going
down, it means the lower cost of manufacturing products and make the products have
more competitive comparing with other country. Hence, the firms will import more on
raw material to produce more finished goods to gain higher profit. So when Thai Baht
appreciation, it has a huge positive effect to Bangkok Port revenue on the import side
which is the major revenue to Bangkok Port. On the other hand, when Thai Baht
depreciation will affect the export product is cheaper that discussed earlier. And the
major exports of Bangkok Port is Tapioca flour and the demand for this product also
elasticity because it is a kind of food that necessary for people to consume and they
will consume more when price is going down and it is substitution goods that Thai
exporters can replace the order from other countries if Thailand Export is cheaper than
others (Spilimbergo & Vamvakidis, 2003). So it will increase the revenue on the export
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terminal of Bangkok Port. Consequently, that the reason why the exchange rate is the
positive significant factor to Bangkok Port revenue.
State of Economy Generally, the economy is experiencing inflation, depreciation of
a local currency will trigger higher foreign demand and can make inflation worse off,
however, the demand for export still slightly going up. Meanwhile, when the economic
depression, a fall in the exchange rate of the local currency will boost aggregate
demand and the growth in economic with a marginal impact on inflation (Garcia &
Restrepo, 2001). Nevertheless, Bangkok Port can take this advantage of the prediction
of higher volumes of exports in the near future by launching the promotional
campaigns to persuade the exporters or ship agents to use Bangkok Port service instead
of competitors, for example, offer the discount, rebate or incentive programs together
with guarantee the shorter time in port by 10-20 per cent.
State of other economies When the global economic slowdown and depress, the
exchange rate depreciation would not ensure a same response for the exports and
imports’ demand (Eichengreen, Park & Shin, 2012). Even China, USA, and Japan still
obtain the impact of the low demand of world commodities referring to the economic
slowdown (Xu, Lu, Ding & Liu, 2015).
However, an increase in exchange rate volatility would result in the lower international
trade (both imports and exports) is that there is an exchange rate risk and this reason
may reduce the incentives to trade. Therefore, the financial hedging tools will help to
mitigate this risk of exchange rate fluctuation e.g. forward contract and currency
options (Bahmani-Oskooee & Gelan, 2018). If the exporters and importers have good
strategies to manage against this risk, Bangkok Port will not have adverse effect.
Thus, this significant external factor should be a concern for the port. Bangkok Port
should not only intimately follow the exchange rate trend and forecast, but also other
factors trending in the Thai and global economic indicators in order to be ready to
handle the variation volume of the exports and imports that will call at the port. For
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instance, if Bangkok Port predicts that the exchange rate will appreciate, and tend to
be a greater volume of import become to Bangkok Port, therefore, in the short run,
Bangkok Port should introduce a proactive strategy to prepare for sufficient welltrained staffs available to serve the incoming traffic vessels, to develop an effective
plan to arrange, balance the workload and manage the ship berthing schedule to avoid
the congestion (Jin, Lee & Hu, 2015) and the pre-maintenance for all handling
equipment into the good conditions for productive utilization.
Exchange rate
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Figure 15: The Trend Exchange Rate from 2010-2017

The Land and Property Trading
The Land and Property Trading is a leading economic indicator. In 2017, The Land
and Property Trading in Thailand was 94 billion baht. This value is linked to the
demand for land development construction such as building and homes. (Direk P,
2018). This affects the demands for importing and leads to increase in Bangkok Port’s
revenue. The study shows that the Land and Property Trading variable has a positive
effect on Bangkok Port’s Revenue with have coefficient 0.093532. The growth rate of
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Land and Property Trading may lead to the rise of Bangkok Port’s Revenue 9.35 per
cent. Thus, Bangkok Port should continually follow and foresee the trend of Land and
Property Trading. If the Land and Property Trading is growing, the demand for import
or amount of container import for building materials would be increasing. Hence, the
port should prepare all of the facilities, space and well-trained staff in order to deal
with that situation.

5.1.2. Forecasting Model
Due to the forecast play the important role to the financial decisions for a long term
commitment of resources and the decision made by today will reflect to the forecast
of the future. Therefore, the accuracy of forecast is an important (Brooks, 2014)
This research presents the results of the linear regression model for forecasting
Bangkok Port’s revenue using explanatory variables. The monthly data from 20102017 is used to forecast Bangkok Port’s revenue from March 2017 to December 2017.
Since there is no ARMA in the equation meaning that only the Static Forecast is able
to be calculated. From the finding figure 13, the static forecast display the forecast
revenue is fluctuation during March to June, quite steady and slightly increase during
July to November and then the revenue dramatically increases in December. However,
the accuracy measurement such RMSE, MAE, MAPE, the Theil’s Inequality
Coefficient, the Variance Proportion, and The Bias Proportion are shown in the good
manner in practice (Ravi et al., 2017). So it can imply that the forecast is quite accurate.
However, when compare with the actual data, the static forecast revenue moves closer
along with the actual revenue in the beginning and the forecast revenue move not
closely to actual revenue since July or in the half of ending. So it is some of forecast
error, nevertheless, the forecast still going up on that period by smaller portion, so,
they still move in the same pattern with the actual revenue meaning the overall forecast
model capabilities are satisfactory. Due to sometime the market is fortunately booming
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on that period because of the impact from the external and macroeconomic factors but
overall it can imply that the forecast model capabilities are satisfactory.

5.1.3. Insignificant Factors
The study illustrates that there are 13 insignificant variables namely the Steel Price
Index, Working Time, Number of Vessel Call, Crane Productivity, Berthing Time,
Interest Rate, Berth Occupancy, Bangkok Port's total conventional, Bangkok Port's
Container Export, Thailand import value, Thailand export value, Thailand import
value from China and Number of Tourists. According to Brooks, the insignificant
variable is not helping to describe variations for dependent variable. This means that
those insignificant variables are not directly influential to Bangkok Port’s revenue.
However, the Number of Tourists is significant at 10 per cent, which means that the
Number of Tourists is still influence to Bangkok Port’s revenue but a lesser effect on
Bangkok Port’s revenue compared with the significant variables of 5 per cent.
Regarding, the tourism contributes to the direct effect on economic and social
development in the region due to the spending of foreign and Thai tourists and
government spending. In the years 1993-2014, it was found that the tourism sector
creates added value to the growth of the Thai economy, not only through tourist
accommodations and sightseeing or attraction places but also employment and other
related services and transportations such as cruise ships and airlines. According to the
MOTS (2018) it is reported that there is an average of 20 percent of the GDP in 2017
and the forecast is that it will increase by 10 per cent in 2018. Also, for indirect
contributions, the tourist sector has been linked to other manufacturing sectors in the
supply chain through the purchase of raw materials from the tourism business. If there
is an increase in the number of tourists, it will result in a huge money inflow in the
hospitality service sector such as hotels, restaurants and related tourism businesses and
the development of tourist infrastructures that lead to an increase in the import volume
in Bangkok Port to import more building materials and luxury decorations. Thus, this
is a reason why the tourists factor is still important when consider on Bangkok Port’s
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situation, although, it may not affect much on Bangkok Port’s imports to generate a
revenue.
Nevertheless, there is a global trend for cruise service for elderly people (Tourism
Authority of Thailand, 2018), so Bangkok Port should also take this opportunity and
keep this track proximity to see the growth of the tourism industry in order to decide
whether to prepare a good service in the existing terminal or whether to construct a
new Cruise Terminal.

5.2. Conclusion
This research addresses three main issues, i.e., (a) Bangkok Port is continuously
declining in revenue (b) What are the significant factors affecting Bangkok Port’s
revenue (c) how to take the challenge from significant factors to increase the revenue.
Thus, the quantitative method of the Classical Linear Regression Model is employed
to evaluate the statistical time series projection and the accuracy of the forecast.
For veriﬁcation purposes, the proposed EViews is applied to predict the revenue of
Bangkok Port and the relationship among its internal and external factors. The
empirical results show that the Bangkok Port's Container Import, Exchange rate, and
the value of Land and property trading are positive signiﬁcantly performs with
Bangkok Port Revenue, whereas, the number of TEUs in Bangkok Port's warehouse is
negative significantly perform to Bangkok Port’s Revenue. In addition, the highest
correlation coefficient is the exchange rate, Bangkok Port’s Container Import
respectively meaning they are strongly affects Bangkok Port’s revenue. Therefore, to
boost up Bangkok Port’s revenue, thus, emphasis on projects that relevant to these two
variables. As the port development projects are the type of mutual exclusive project,
because of budget limitations, Bangkok Port should thus foresee the exchange rate and
capture the market movement, focus on the development of the infrastructure of the
Container Terminals, rather than the Conventional Terminals, also improve the
handling equipment, expand the hinterland connection and it value added services
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which lead to shift the quality of services and shorter the time in port against the
international standard.

5.3. Limitations
The regression and forecasting model can be a higher precision when obtaining a high
number of samples that help to lower the gap of the coefﬁcient standard errors (Brooks,
2010). Nevertheless, the authors also face the obstacle to seek the ten years’ data on a
monthly basis; generally, it is provided on a quarterly and yearly basis. Thus, some
key services such port service activities and Key Performance Indicator (KPIs) about
the usage times, yard service, truck service, gate service and macroeconomic factors
such as GDP have been omitted. Furthermore, the limitation of the range of samples
duration the period affects the evaluation of forecast performance which can generate
a longer of forecasting periods if they have a larger sample size. Further, there may be
some errors in measuring variables. since the tools used to collect data are not proper.
This also affects the accuracy of forecasting.
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APPENDIX
Appendix A: Scatter Plots
Positive Correlation variables as following:
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